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OTOLARYNGOLOGY 


CME COURSES FALL 1996 


OFFICE APPLICATIONS OF THE C02 LASER 
October 18, 1996 
Course Director: Larry Shemen, M.D. 
Featured Guests: David Edelstein, M.D., 
Steven Feinsilver, M.D., Paul Freeman, M.D., 
Jeffrey Hausfeld, M.D., Arthur Millman, M.D., 
Eric Smouha, M.D. 
Description: This one day C02 laser course will highlight 
office procedures performed with the C02 laser including LAUP, laser 
turbinectomy, excision of oral and skin lesions, skin resurfacing and 
facial rejuvenation. Hands-on laboratory experience will be obtained 
with the various lasers, sleep apnea monitors and ancillary equipment 
with instructors and representatives from each manufacturer 


















TEMPORAL BONE SURGICAL DISSECTION 
October 23-25, 1996 
Course Director: Simon C. Parisier, M.D. 
Faculty: Richard Bellucci, M.D., 

Richard Dynia, M.D., David Edelstein, M.D., 

Matthew Hanson, M.D., 

Milton Ingerman, M.D., 

Charles Kimmelman, M.D., 

Mark Levenson, M.D., 

Samuel Selesnick, M.D., Eric Smouha, M.D. 
Description: The goal of this intensive basic three-day 
course is to enhance the surgeon's ability to perform exacting proce- 
dures required for the treatment of common otologic disorders. The 
course's emphasis will be on temporal bone dissections which will be 
closely supervised by an experienced faculty. 















ADVANCED FUNCTIONAL ENDOSCOPIC 


SINUS SURGERY 

November 22-23, 1996 

Course Director: Vijay Anand, M.D. 

Featured Guests: William Bolger, M.D., Rande Lazar, M.D., 
Eugene Kem, M.D., Robert Meyers, M.D., 
William Panje, M.D., James Zinreich, M.D., 

Description: The goal of this course is to provide the 

participants who are already familiar with endoscopic sinus surgery an 

opportunity to learn to identify the surgical landmarks and improve 

their surgical techniques through didactic lectures and “hands-on” lab- 

oratory experience, guided by experts in this subspecialty. 












—————— 





FOR FURTHER INFORMATION, CONTACT: 
Karen Mahoney, Administrator 
Department of Otolaryngology 

Manhattan Eye, Ear & Throat Hospital 
210 East 64th Street, New York, NY 10021 
Tel: (212) 838-9200, ext 2432 * Fax (212) 838-6239 


Manhattan Eye, Ear & Throat Hospital is an Equal Opportunity Employer 
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Mayo Clinic Rochester Department of Oto- 
rhinolaryngology is seeking a Board-certified 
otolaryngologist to do non-surgical practice in 
Rochester, Minnesota. The position is part of 
a 17-physician subspecialty practice and of- 
fers an excellent salary/benefits package, in- 
cluding malpractice coverage. Relocation as- 
sistance provided. 










For confidential information, 
please send a current CV to: 


Thomas J. McDonald, MD 
Chair, Department of Otorhinolaryngology 
Mayo Clinic 
200 Second Street SW 
Rochester, MN 55905 


Mayo Foundation is an affirmative action and 
equal opportunity educator and employer. 











Temporal Bone Surgical 
Dissection Course 


presented by 


GEORGIA EAR INSTITUTE 
* Designed for practicing otolaryngologists and senior 
residents in training 
* Includes lectures and temporal bone dissection 
* All specimens and instruments provided 


Courses 
October 7-11, 1996, November 4 - 8, 1996, 
January 20 -24, 1997, May 19 - 23, 1997, 
September 22 - 26, 1997, November 17 - 21, 1997 
Fee: Physicians - $800 * Residents - $350 


COURSE DIRECTORS: 
M. MILES GOLDSMITH, MD, FACS 
MALCOLM D. GRAHAM, MD, FACS 


For further information, contact: 
Shirley Johnson, RN, MSA 
Medical Education Department 
PO. Box 23089 * Savannah, Georgia 31403-3089 
912-350-7365 * Fax 912-350-8998 


MEMORIAL 


MEDICAL CENTER 
SAVANNAH, GEORGIA USA 
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The author is responsible for all statements in the 
paper, as approved on the copyedited galley proofs. 
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been typeset are charged to the author. 
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findings, and principal conclusions. 


Key Words, chosen as far as possible from the Na- 
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ings, are listed after the abstract. 


References are numbered consecutively in the order 
in which they are cited in the text. Primary references 
should be used whenever possible. The author is 
charged $1.50 for each reference over 30. Use the 
style of references given in Uniform Requirements or 
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RADIOTHERAPY IN EARLY GLOTTIC CARCINOMA 


GEORG KANONIER, MD 
ESTHER FRITSCH, MD 


THOMAS RAINER, MD 
WALTER FRANZ THUMFART, MD 


INNSBRUCK, AUSTRIA 


Radiotherapy is widely accepted as primary treatmentin the T1 stage of glottic cancer, but controversy surrounds the proper approach 
to T2 lesions of the glottis. A retrospective review of 90 patients addresses treatment results for T1 and T2 lesions of glottic carcinoma 
managed by primary radiotherapy with 60 to 64 Gy from 1977 to 1989. Seventy-nine patients met the criteria for local control analysis 
with a minimum follow-up of 5 years. Radiotherapy alone controlled disease in 93% (43 of 46) of patients with T1 lesions and 18% (6 
of 33) of those with T2 tumors (including 10 patients in whom radiotherapy was terminated at 40 Gy because of persistent tumor). 
Ultimate control of disease for T1 and T2 lesions, including surgical salvage, was 100% and 82%, respectively. Larynx preservation was 
achieved in 100% of T1 and in 45% of T2 lesions. Extension of tumor and impaired vocal cord mobility showed statistical significance 
for adverse prognosis (p « .001). This paper discusses how these results affect treatment of glottic carcinoma, particularly in the T2 stage. 


KEY WORDS — carcinoma, glottis, radiotherapy. 


INTRODUCTION 


In about 75% of patients with laryngeal cancer, the 
tumor originates on the true vocal cord. Due to early 


interference with vocal fold motion, early stages are. 


common at diagnosis of glottic cancer. According to 
the classification of the American Joint Committee 
on Cancer (AJCC),! “early cancer” of the glottis 
comprises Tis, T1, and T2 lesions without regional or 
distant metastasis. 


For T1 tumors, radiotherapy is widely accepted as 
equally successful as compared with surgical tech- 
niques, but controversy exists on the proper approach 
to T2 lesions of the glottis. 


This retrospective review of 90 patients will ad- 
dress treatment results for T1 and T2 lesions man- 
aged by primary radiotherapy and surgical salvage 
for failures. Local control, survival, patterns of recur- 
rence, and efficacy of surgical salvage are analyzed. 
The prognostic significance ofthe various modalities 
of radiotherapy, vocal cord mobility, and the extent 
of disease is examined. 


PATIENTS AND METHODS 


Patients. Atthe Department of Radiotherapy ofthe 
University of Innsbruck, 97 previously untreated 
patients with glottic cancer received primary radio- 
therapy between February 1977 and December 1989. 
. During this 13-year period, radiotherapy was almost 
the only form of treatment for early glottic cancer, 
and this population represents the vast majority 
(29596) of all early glottic cancers diagnosed at the 
Department of Otolaryngology of the University of 


Innsbruck. Of the 97 cases reviewed, 5 cases of 
carcinoma in situ and 2 cases of verrucous carcinoma 
were primarily excluded to establish ahomogeneous 
study group of 90 T1 and T2 lesions. | 


Patients were retrospectively staged according to 
the TNM system of the AJCC (1992)! by means of 
clinical records, radiologic studies, direct laryngos- 
copy, and biopsy performed at the parent institution: 
Tla was involvement of one true vocal cord (53 
patients), Tlb was involvement of both true vocal 
cords (2 patients), and T2 was extension to the 
supraglottis or subglottis (T2a if normal mobility [14 
patients] and T2b if reduced mobility of the true vocal 
cord [21 patients]). Available data did not allow us to 
determine whether impaired vocal cord mobility was 
due tocricoarytenoid fixation orbulk muscle involve- 
ment of the paraglottic space. No regional or distant 
metastases were present. 


The mean age atthe beginning of radiotherapy was 
63 years (range 25 to 84 years); all patients were 
white; 87 were male and 3 female. 


The histologic diagnosis was invasive squamous 
cell carcinoma in 82 cases and microinvasive carci- 
noma in 8 cases. 


Treatment. Until 1982, radiotherapy was adminis- 
tered with a cobalt 60 source, then with an 8-MeV 
linear accelerator. Irradiation was administered to 
bilateral ports with field sizes ranging from 5 x 5 to 
6 x 6 cm. All patients had wedge compensation to 
maximize dose homogeneity. A plaster cast was used 
to immobilize patients during treatment. A single 
dose of 2.0 Gy in 46 patients or 2.5 Gy in 44 patients 


From the Departments of Otolaryngology (Kanonier, Rainer, Thumfart) and Radiotherapy (Fritsch), University of Innsbruck, Innsbruck, Austria. 
Presented at the meeting of the American Laryngological Association, Palm Desert, California, April 29-30, 1995. 
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TABLE 1. SALVAGE PROCEDURES AND SUCCESS RATE IN EARLY GLOTTIC CARCINOMA 


No. of Tumor Failure 
Radiation Persistence of 

Stage Failures at 40 Gy Salvage Procedures* Salvage 
46 T1 3 0 1 Cordectomy 0 
1 Hemilaryngectomy 0 
1 Additional radiation 0 
12 T2a 5 2 1 Cordectomy 0 
1 Hemilaryngectomy 0 
4 Total laryngectomy 1 

21 T2b 12 8 3 Cordectomy 0. 

1 Hemilaryngectomy 0 
13 Total laryngectomy 2 
1 Total laryngectomy combined with radical neck dissection 0 


*One T2a patient and 2 T2b patients died without attempt at salvage operation because of distant metastatic disease, unresectable primary, and 


presence of secondary malignant melanoma, respectively. 


was administered to both lateral fields daily for 5 days 
a week. This variation of the daily dose represents the 
change. in attitudé concerning the optimal fraction 
during the study period. The average duration of 
radiotherapy was 6 weeks; in 16 patients treatment 
was extended beyond 6 weeks because of local side 
effects. The total tumor dose ranged between 60 and 
64 Gy, but in.10 patients radiotherapy was cancelled 
and classified as ineffective because tumor persis- 
tence was diagnosed after administration of 40 Gy. 
Restaging of the larynx by microlaryngoscopy and 
biopsy was routinely performed under general anes- 
thesia after application of 40 Gy. These 10 patients 
with tumor persistence subsequently underwent sur- 
gery (Table 1). After completion of treatment, the 
patients were routinely controlled at regular iniervals 
to rule out a locoregional recurrence, distant metas- 
tasis, or secondary neoplasm. 


Methods of Analysis. Patients who died of a differ- 
ent illness within 5 years of treatment without evi- 
dence of disease were excluded from local control 
analysis. To complete a minimum follow-up of 5 
years, all patients were asked by letter to return for 
examination or to name their physician, who was 
‘contacted by one of the authors for further informa- 
tion. If death had occurred, further information was 
provided by the medical records. Six patients died of 
a different illness after less than 5 years, and 5 
patients disappeared from follow-up (7 with T1 dis- 
ease and 4 with T2). Thus, a total of 79 patients was 
evaluated with a minimum follow-up of 5 years. 


The 5-year corrected actuarial survival and loco- 
regional control at 5 years with and without salvage 
were assessed in this population. Statistical signifi- 
cance was determined by the two-sided Fisher’s 
exact test. 

RESULTS 


Seventy-nine patients with T1 (46) or T2 (33) 


squamous carcinoma of the laryngeal glottis treated 
primarily with radiotherapy for cure were available 
for analysis. The 5-year corrected actuarial survival 
was 100% in the T1 group and 82% in the T2 group. 
For survivors, the mean follow-up period was 7 years 
(range 5 to 15 years). Full-course radiotherapy con- 
trolled disease in 9396 (43 of 46) of patients with T1 
lesions and 26% (6 of 23) of those with T2 tumors. 
For patients failing radiotherapy,.the-median inter- 
vals to. tumor recurrence following completion of 
irradiation were 16 months in T1 disease (range 15 to 
57 months) and 13 months in T2 (range 4 to 36 
months). Tumor persistence after application of 40 
Gy occurred only in T2 carcinomas and was evident 
in 2 of 12 (17%) T2a lesions and 8 of 21 (38%) T2b 
lesions. The different forms of salvage procedures 
are shown in Table 1. 


Three failures were observed in T1 lesions. All 
occurred in the glottis and were treated successfully 
by cordectomy, hemilaryngectomy, and additional 
irradiation with 18 Gy, respectively. In the third 
patient the application of 30 Gy was planned, but 
radiotherapy was terminated at 18 Gy because of 
urosepsis. Salvage therapy improved primary control 


. inthe T1 stage from 9396 to 10096. Laryngeal conser- 


vation was 100%. 


There were 17 failures in 23 T2 lesions with 
completed irradiation (5 of 10 T2a tumors and 12 of 
13 T2b tumors, including 1 recurrence in the cervical 
lymph nodes in each group). Persistent disease at 40 
Gy was noted in 10 patients; it is of interest that all 10 
of these patients remained free of disease after surgi- 
cal intervention. Salvage surgery in T2 carcinomas 
consisted of cordectomy in 4 cases, hemilaryngectomy 
in 2 cases, and total laryngectomy in 18 cases, in 1 
case combined with radical neck dissection. Three 
patients died without an attempt at a salvage proce- 
dure because of distant metastatic disease, an un- 
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TABLE 2. PROGNOSTIC SIGNIFICANCE IN EARLY GLOTTIC CARCINOMA 


Variables 
T stage T1 
: T2 
No. of subsites s3 
>3 
Involvement of anterior commissure Yes 
No 
Subglottic extension Yes 
. No 
Vocal cord mobility Normal 
Reduced 
Fraction 2.0 Gy 
2.5 Gy 
Field size 5x5cm 
! 6x6cm 
Tumor dose (10 patients with tumor persistence 60 Gy 
at 40 Gy excluded) 64 Gy 
Duration of radiotherapy (tumor persistence 5+6wk 
at 40 Gy excluded) >6 wk 


Two-sided Fisher’s exact test. 
NS — not significant. 


resectable primary, and. presence of a secondary 
malignoma (malignant melanoma), respectively. Total 
laryngectomy did not control disease in 3 cases. 
Overall, surgical salvage improved the ultimate con- 
trol rate in 21 of 24 T2 lesions (87.5%) with failure of 
irradiation. 


For evaluation of prognostic factors the following 
parameters were analyzed: tumor extension, involve- 
ment of the anterior commissure, subglottic exten- 
sion, vocal cord mobility, histology, tumor dose, 
field size, and duration of radiotherapy. Tumor ex- 
tension, measured by the number of subsites (ante- 
rior, middle, and posterior parts of glottic, supraglottic, 
and subglottic regions), involvement of the anterior 
commissure, and vocal cord mobility were signifi- 
cant prognostic factors of local control. No prognos- 
tic significance was observed for subglottic exten- 
sion or modalities of radiotherapy (Table 2). 


TABLE 3. INCIDENCE OF SECOND PRIMARIES IN 


EARLY GLOTTIC CARCINOMA 

Time to 

Second Head 

Primary and Malignant 
Tumor Lung Esophagus Neck* Stomach Melanoma 
0-2 y 2 

2-5 y 1 
>5y 2 1 3 1 

Total 2 1 5 1 1 


*Recurrence outside irradiation field. 


Total Local Failure 
No. + Persistence _ p 
46 3 (7%) «.0001 
33 27 (7496) 
66 19 (29%) .0002 
13 11 (85%) 
15 13 (87%) «.0001 
64 17 (2796) 
5 3 (60%) .28 (NS) 
74 27 (36%) 
58 10 (17%) «.0001 
21 20 (95%) 
41 18 (44%) .26 (NS) 
38 12 (32%) 
68 28 (41%) .15 (NS) 
11 . 2(18%) EN 
62 18 (29%) y E, ind 
7 2 (2976) — E N 
53 14 (26%) =? T ÉNS 
16 6 37%): D 


FE - 
AC NEUE 


Larynx arenan was eved: in 100% of Tl 
tumors. With regard to 18 total laryngectomies (55%) 
in 33 T2 glottic cancers, lung-powered glottic voice 
preservation was achieved in 8 of 12 T2a tumors and 
in 7 of 21 T2b tumors. Since objective measurement 
of voice quality 5 years after definitive radiotherapy 
was possible in only a few patients, these data were 


omitted from analysis. 


A second malignancy (Table 3) occurred in 10 
patients after a median interval of 6 years (range 6. 
months to 13 years), leading to death in 7 patients (1 
patient with evidence of tumor at the site of the 
primary in the larynx died of malignant melanoma); 
90% of these second primary tumors were located in 
the aerodigestive tract. 


DISCUSSION 


There is still an ongoing debate about the optimal 
treatment of early glottic carcinoma. In the case of T1 
lesions of glottic cancer, radiotherapy and surgical 
excision produce equal results, with local control 
rates above 90% in both treatment modalities. Radio- 
therapy of T1 lesions in our series effected a local 
control rate of 93%, with successful salvage in 100%. 


A significant difference was observed in our re- 
sults for T2 lesions of glottic cancer. In the 23 patients 
receiving a therapeutic dose of 60 to 64 Gy, 17 
recurrences occurred, producing a failure rate of 
74%. The failure rate was especially high for T2b 
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tumors, where 12 of 13 tumors recurred (92%). With 
regard to more recent reports of control rates of T2 
lesions between 50% and 75% with total tumor doses 
of 66 to 76 Gy,^ the dose of 60 Gy used in 90% of 
the present series now seems inappropriate for T2 
lesions, but during the treatment period (1977 to 
1989) a dose of 60 Gy was the standard regimen. 


The concept that tumor persistence after applica- 
tion of 40 Gy is considered a poor response to ra- 
diotherapy has now generally been abandoned. This 
strategy of altering the therapy course was based on 
observations by Teshima et alô and Fletcher et al,’ 
who reported that persistent evidence of tumor at 40 
Gy is associated with significant probabili-y of a 
recurrence after completion of irradiation. In these 10 
patients (30% of T2 tumors), subsequent surgical 
therapy achieved a control rate of 100%. It cannot be 
ruled out that a substantial portion of those patients 
classified as nonresponders because of tumor persis- 
tence at 40 Gy would also have been free of disease 
after completion of radiotherapy. 


Tumor volume, vocal cord mobility, subglottic 
extension, field size, and tumor dose are claimed as 
prognostic factors by other authors.2-48-1^ In our 
series, the prognostic factors were tumor stage, num- 
ber of subsites, involvement of the anterior commis- 
sure, and impaired vocal cord mobility. These find- 
ings are supported by numerous authors, who place 
great emphasis on vocal cord mobility.5-5:10,12.13,15-19 
Kersh etal?° reportlocalcontrolin4496, and Krawczyk 
et al?! in 3996, of T2b tumors undergoing radiother- 
apy. Steiner? describes a trend to include -umors 
with reduced vocal cord mobility in the T3 cazegory, 
because their prognosis is closer to that o7 these 
tumors. This observation also holds true for our pop- 
ulation of T2b carcinomas. 


In contrast to the results of radiotherapy alcne, the 
5-year cure rate with surgical salvage was 10066 in T1 
lesions and 82% in T2 lesions. The number of 18 total 
laryngectomies (55%) in 33 T2 tumors, however, is 
disappointing with regard to the loss of lung-powered 
vocal function. We suppose that in a substantial 
number of patients the larynx would have been saved 
if conservation surgery had been performed as a first 


treatment option. The importance of obtaining infor- 
mation about resection margins in surgical proce- 
dures should not be underestimated, since revision 
surgery remains practicable in the case of positive 
margins, with total laryngectomy reserved for therapy- 
resistant cases.22-4 


Recent reports of the senior author? concerning 
the efficacy of endoscopic laser surgery ofearly glot- 
tic carcinoma have demonstrated excellent results in 
T1 and T2 glottic cancer, with curerates of 95% inT1 
and 85% in T2 cancers after 2 years. These results are 
supported by numerous other authors.2225-30 On the 
basisof these figures, a surgical approach using trans- 
oral laser resection as primary treatment for T1 and 
also T2 glottic cancer (T2a and T2b lesions) seems 
promising for the preservation of more functional 
larynges as compared to radiotherapy. 


CONCLUSION 


This review of treatment results of primary radio- 
therapy with 60 to 64 Gy in early glottic cancer 
revealed a satisfactory control of T1 glottic lesions, 
but a suboptimal one for T2 lesions and a significant 
failure rate in those cases accentuated by impaired 
vocal cord mobility (T2b). Surgical salvage provided 
acceptable rates for ultimate control, but the high 
percentage of total laryngectomies is disappointing 
with regard to vocal function. On the basis of the 
observed results, it would be justified to increase the 
prescribed radiation doses for all T2 glottic carcino- 
mas to 66 to 70 Gy, which recent reports have shown 
to provide local control rates of 70% to 80%. Since, 
however, the application of transoral laser-assisted 
resection provided encouraging results for T2 glottic 
cancers, comparable to those with irradiation or con- 
ventional surgery, a prospective study to establish the 
effectiveness of endoscopic laser surgery in T2 carci- 
noma of the glottis is in progress, including also le- 
sions with impaired vocal cord mobility (T2b). Pre- 
operative and postoperative evaluation of vocal cord 
mobility and voice quality will be critical. Neverthe- 
less, it should be made clear that this technique re- 
quires broad endoscopic and laser surgical skills in 
order to determine the borders of a tumor and effec- 
tively excise it. 
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Felix Semon’s fascination with vocal fold paralysis led to his theory attributing medialization to isolated abductor paralysis. Later, 
the Wagner-Grossman hypothesis explained the vocal fold position on the basis of cricothyroid muscle activity. Other authors since that 
time have dispelled the notion of a role for the cricothyroid muscle in vocal fold position with paralysis. Utilizing laryngeal elec- 
tromyography, several authors have found electrical activity suggestive of variable reinnervation and synkinesis. This current study 
included patients with persistent vocal fold immobility. Fourteen patients were studied: half with good voice and half with poor voice. 
The patients with good voice had a relatively normal arytenoid position and evidence of synkinesis. The group with poor voice had an 
arytenoid that tipped into the laryngeal inlet and had denervation or poor reinnervation. This suggests that the medialization and upright 


position of the arytenoid is due to synkinesis. 


KEY WORDS — arytenoid, Felix Semon, laryngeal electromyography, synkinesis, vocal fold paralysis. 


INTRODUCTION 


Throughout the history of laryngology, investiga- 
tors have studied and compiled theories about the 
position of the vocal fold in cases of unilateral paraly- 
sis, the physiologic basis for the fold position and 
functional deficit, and the prognosis or likelihood for 
recovery. Felix Semon was fascinated by his clinical 
observation of patients with vocal fold paralysis. He 
asked probing questions and theorized answers. In 
his “Clinical Remarks,” published in 1881, Semon 
asked the question about vocal fold paralysis “Why 
does the phonatory position of the vocal cords con- 
tinue in the later stages? Why do we see during life, 
or find at the post-mortem table, evidence of retro- 
gressivechanges in the posterior crico-arytenoid mus- 
cles only...” 1220) The answer Semon offered for the 
paramedian position of the vocal fold in cases of 
paralysis was that the adductor centers have “mutual 
cooperation and anatomical connections...effective- 
ly protecting them against disease-producing influ- 
ences,” which he felt were not present in the “unsup- 
ported centers of the abductors.”!(®219) He also felt 
that the abductor function was “much more automatic 
than that of the antagonists...” and therefore hed less 
“resistance against disease-producing causes.” !(P219) 
Semon accurately described the position of the vocal 
folds in patients with good voice. He described the 
paralyzed fold to be in the “cadaveric position,” but 
said that the “contraction of the adductors of the 
healthy side...is so excessive, when phonation is at- 
tempted that the healthy cord crosses the median line 


to join its diseased fellow.”!@219) 


Jackson and Jackson? agreed with Semon’ s obser- 
vation, and stated that with “any lesion of the recur- 
rent nerve...the abductor muscles are affected first, 
then the tensors second, and the adductors last.”’2(P283) 
They state that “it is extremely valuable for the main- 
tenance of muscular tone and the prevention of at- 
rophy." (P286) They suggested the “best method is to 
cause the muscle to jerk by the slowly interrupted 
galvanic current, placing one electrode in the hands 
of the patient and touching the mucosa over the re- 
gion of the affected muscle or muscles.”’2(P286-7) 


The Wagner-Grossman hypothesis was developed 
to explain the vocal fold phenomena related to pa- 
ralysis because Semon's explanation lacked substan- 
tiation. The Wagner-Grossman hypothesis explained 
the paramedian position of the paralyzed vocal fold 
on the basis of the action of the ipsilateral cricothyroid 
(CT) muscle. Dedo, in 1970, reconfirmed this theory 
on the basis of a laryngeal electromyography (EMG) 
report of 52 patients with vocal fold paralysis.?4 


Since the work of Faaborg-Andersor? in 1957 on 
the normai electrophysiology of the larynx, many 
laryngologists have concentrated on diagnosis by 
EMG. Hirano et al® used laryngeal EMG to try to 
determine prognosis in patients with vocal fold pa- 
ralysis. The onset of electrical activity before 6 months 
from time of injury was favorable for recovery. 
Hirano et al believed that after 6 months, the presence 
of electrical activity was from synkinetic activity. 
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PATIENTS AND FINDINGS 
Voice j 
Patient Age Sex Cause of Paralysis Quality EMG Findings Endoscopic Findings 
1 76 M Status post thyroidectomy; Good Synkinetic TA and PCA; de- VF paramedian; normal 
RLN resection : creased amplitude of MUPs; arytenoid position 
normal CT activity | l 
2 65 M Idiopathic Good Synkinetic TA and PCA; de- VF paramedian; normal 
creased amplitude of MUPs; arytenoid position 
normal CT activity 
3 55 M Status post mediastinos- Good . Synkinetic TA and PCA; de- VF paramedian; normal 
copy; RLN injury creased amplitude of MUPs; arytenoid position; slightly 
normal CT activity irregular motion on phona- 
tion with stroboscopy 
4 59 F Status post thyroidectomy; Good Synkinetic TA and PCA; nor- VF paramedian; normal 
RLN injury mal amplitude of MUPs; nor- arytenoid position; slightly 
mal CT activity irregular motion on phona- 
tion with stroboscopy 
5 42 F Idiopathic Good Synkinetic TA, CT, and PCA; VF paramedian; normal 
decreased amplitude of MUPs arytenoid position; slightly 
irregular motion on phona- 
. tion with stroboscopy 
6 56 F Status post resection of Good Synkinetic CT, TA, and PCA; VF paramedian; normal 
vagal nerve; schwannoma decreased interference pattern; arytenoid position; jerky, 
: decreased amplitude of MUPs irregular motion on strobos- 
copy 
7 81 F Status post CABG; RLN Good Synkinetic TA and PCA; de- VF paramedian; normal 
injury creased amplitude of MUPs; arytenoid position; jerky, 
normal CT activity irregular motion on strobos- 
copy 
8 62 M Esophageal carcinoma Poor Few fibrillations; no voluntary VF paramedian; bowed; an- 
activity or MUPs; normal CT teriorly and medially tipped 
. activity arytenoid 
9 54 M Status post thymoma re- Poor Occasional fibrillations; no VF intermediate position; 
section voluntary activity; occasional anteriorly displaced aryte- 
complex repetitive discharge; noid 
normal CT activity 
10 84 M Status post thyroidectomy; Poor Fibrillations; some positive VF intermediate; anteriorly 
RLN resection waves; no MUPs; normal CT tipped arytenoid 
activity 
11 45 F Status post vagal schwan- Poor Few MUPs; occasional poly- VF paramedian; medially 
noma excision phasics; markedly reduced tipped arytenoid 
interference pattern 
12 63 F Lung carcinoma Poor Fibrillations; no voluntary ac- VF paramedian; anteriorly 
tivity; normal CT activity and medially tipped aryte- 
noid 
13 52 F Idiopathic Poor . Markedly decreased amplitude VF intermediate; antériorly 
and numbers of potentials; few and medially tipped aryte- 
complex polyphasics noid 
14 73 F Idiopathic Poor . Synkinetic activity of TA, CT, VF paramedian; anteriorly 
and PCA; markedly reduced tipped arytenoid 


numbers and amplitude of 
MUPs; markedly reduced in- 
terference pattern 


EMG — electromyography, RLN — recurrent laryngeal nerve, TA — thyroarytenoid, PCA — posterior cricoarytenoid, MUPs — motor unit 
potentials, CT — cricothyroid, VF — vocal fold, CABG — coronary artery bypass graft. 


Hiroto et al,’ in a study of patients, also found 
electrical potentials in immobile folds suggesting the 
presence of synkinesis. 


Benninger et al in their review of the unilateral 
paralyzed vocal fold, described the position of the 


arytenoids as related to the relative balance of muscle 
contractions that control the arytenoid position. They 
said that injury to the lateral cricoarytenoid (LCA) 
innervation can result in the arytenoid's being par- 
tially unsupported, and therefore often falling medi- 
ally into the supraglottic inlet. Posterior cricoarytenoid 
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Fig 1. Simultaneous electromyography of A) cricothyroid, 
B) thyroarytenoid, and C) posterior cricoarytenoid muscles 
in patient with good voice (synkinesis). 


(PCA) loss decreases lateral sliding and abduction. 
Thyroarytenoid (TA) loss causes atrophy of the vocal 
fold with bowing due to loss of muscle mass, and lack 
of anterior pull on the vocalis process. The paralyzed 
fold opens earlier in the glottic wave and is missing 
the normal undulating wave. 


Crumley? described the voice during the acute 
phase of denervation as breathy, hoarse, and. often 
diplophonic. Patients may also have some aspiration 
while drinking liquids. With the onset of the interme- 
diate phase (3 to 4 weeks), there is usually only slight 
or no aspiration with liquids, and some improvement 
in voice quality. This change may be related to 
improvement in electrical activity. 


This study was undertaken to evaluate the effect of 
variable innervation and synkinesis on the position of 
the vocal fold and arytenoid and the quality of voice. 


METHODS AND MATERIALS 


Fourteen patients (see Table) who had a unilateral 
vocal fold paralysis for greater than 1 year were 
included in this study. Patients whose vocal fold 
paralysis was due to acerebrovascular accident, brain 
stem injury, or skull base injury to the vagus nerve 
were not included in this study, since these injuries 
would add many other uncontrolled parameters such 
as sensory deprivation, altered reflexes, and pkaryn- 
goesophageal weakness. The group consisted of 7 
patients who regained good vocalization despite a 
persistent vocal fold immobility, and 7 patients who 
continued to have poor voice with vocal fold immo- 


bility. The group consisted of 6 men (3 with good 
voice and 3 with poor voice) and 8 women (4 with 
good voice and 4 with poor voice). The ages ranged 
from 42 ta 84, with a mean of 62 years in both groups. 
The cause of the vocal fold paralysis was peripheral 
nerve injury, except in 4 patients with an idiopathic 
nerve palsy. 


All the patients had a careful history taken for 
cause and possible other nerve weakness. Patients 
with other nerve palsies or more global central dis- 
ease were excluded from the study. Patients who had 
a vocal fold paralysis who went on to recovery of 
function were excluded. All patients had both nasal 
fiberoptic and oral rigid laryngostroboscopy, with 
the fold characteristics such as function, position, 
muscle mass, fold shape, and arytenoid position 
noted. 


All of the patients then had laryngeal EMG with 
monopolar needle and monopolar hooked-wire elec- 
trodes. The TA, CT, and PCA muscles were tested. 
The PCA muscles were studied by manually rotating 
the larynx and impaling the PCA muscle with a 
percutaneous puncture posterior to the thyroid lamina, 
by means of a technique we previously have de- 
scribed. !® The studies were carried out with a Nicolet 
Viking model. Single muscle and simultaneous re- 
cordings were taken. The waveform morphology, 
size of the motor unit potentials (MUPs), and recruit- 
ment pattern were then analyzed for each patient. The 
electrode position was verified by fiberoptic endos- 
copy when necessary, and by functional verification. 
The EMG electrodes were placed in the muscle, 
obtaining crisp-sounding electrical activity, and ex- 
cept for fibrillation potentials, any activity of less 
than 150 uV was excluded to avoid confusion with 
background noise of adjacent muscle signal. The 
patients were asked to swallow, phonate, and sniff to 
activate the laryngeal muscles and identify the phar- 
ynx. Synkinesis was determined when a dense inter- 
ference pattern of MUPs was found with greater than 
150-u V amplitude in the CT, TA, and PCA muscles 
during phonation and sniffing. 


RESULTS 


An important observation on stroboscopic exami- 
nation of these patients was that all of the patients 
who had good voice had their immobile vocal fold in 
the paramedian position with the arytenoid sitting 
upright, at the same level as the contralateral, func- 
tional side. Two of them had slightly irregular or 
jerky motion of the TA muscle on phonation. On 
EMG, all of these patients with good voice had 
evidence of synkinetic activity in the TA and PCA 
muscles (Fig 1). All of these patients had MUPs with 
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Fig 2. Simultaneous electromyography of A) thyroary- 
tenoid and B) posterior cricoarytenoid muscles in patient 
with poor voice (giant and polyphasic waves in thyro- 
arytenoid; complex repetitive waves in posterior crico- 


arytenoid). 


decreased amplitude as compared to the normally 
functioning side. Five of the 7 had normal CT activ- 
ity. One patient with an idiopathic disorder and 1 
patient with a schwannoma had synkinetic activity 
displayed in the CT muscle as well. 


Analysis of the group of patients with poor voice 
showed 4 patients with a vocal fold in the paramedian 
position, and 3 with an intermediate position. In all 7 
patients, the position of the arytenoid was abnormal. 
Three of these patients had an anteriorly tipped ary- 
tenoid, 3 had anterior and medial displacement, and 
1 had a medially displaced arytenoid. This abnormal 
arytenoid position left the vocal fold in an unstretched 
position, with 1 of the 7 showing frank bowing. On 
EMG, 4 ofthe 7 displayed fibrillation potentials, with 
no voluntary activity (Figs 2 and 3). Four of the pa- 
tients had normal CT activity. One patient who had an 
idiopathic cause of immobility displayed synkinetic 
activity in the TA, CT, and PCA muscles, but had 
marked reduction in the numbers and amplitude of 
MUPs, with a reduced interference pattern. Two of 
the patients had small, complex polyphasics, with 
significantly decreased amplitude and numbers of 
MUPs. y 


DISCUSSION 


Synkinesis is defined as the unintentional move- 
ment accompanying a volitional movement. This 
synchronous contraction of muscles that usually have 
independent neural stimulation is thought to be re- 

lated to misdirected and inappropriate reinnervation 
of muscles. Perhaps a better term would be simulta- 
neous isometric contraction of antagonistic muscles 
(SICAM). Crumley and McCabe,!! in 1982, per- 
formed recurrent laryngeal nerve (RLN) section in 





Fig 3. Simultaneous electromyography of A) thyroary- 
tenoid and B) posterior cricoarytenoid muscles in patient 
with poor voice (fibrillation potentials in thyroarytenoid; 
positive waves in posterior cricoarytenoid). 


dogs, and found that the reinnervation was unpredict- 
able and random. The branch of the RLN to the PCA 
muscle (abductor fibers) is mostly slow-twitch fi- 
bers, whereas the fibers to the TA and LCA muscles 
are mostly fast-twitch. Slow-twitch fibers have been 
shown to reinnervate many more muscle fibers than 
fast-twitch fibers. 


Hiroto et al observed, during an EMG investiga- 
tion of patients with vocal fold paralysis, that the 
earliest neuromuscular electrical potentials were found 
2 months after the RLN injury. The authors found in 
9 patients studied “unusual patterns of electrical ac- 
tivity.^7(p30D Electrical activity was found in the TA 
muscle on inspiration and phonation. They suggested 
that “this unusual pattern resulted from a misdirection 
of regenerating nerve fibers."7(P30D There was also a 
decrease in the amplitude and numbers of MUPs, as 
well as a reduced interference pattern. 


If the normal vocal fold activity does not return, the 
quality of the voice production will be directly related 
to the position of the vocal fold; the tone, configura- 
tion, arid muscle mass of the TA muscle; and the 
compensatory activity of the contralateral muscles. 
The Semon and Wagner-Grossman hypotheses tried 
to explain the fold position on the basis of selective 
abductor weakness; the interarytenoid muscle pull; 
or the degree of activity of the CT muscle. Woodson! 
reported on vocal fold position in 14 cases of unilat- 
eral paralysis (7 vagal and 7 RLN) and noted no 
difference in the vocal fold position. She suggested 
that the fold position was related to some spontane- 
ous reinnervation, and not CT activity, as suggested 
by Wagner-Grossman. Woodson's!? animal studies 
also demonstrated that variability in the vocal fold 
position was due to random reinnervation. 


Hirano et al,® in a study of 114 patients with vocal 
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fold paralysis based on RLN paralysis or RLN plus 
superior laryngeal nerve paralysis, found that the 
vocal folds remained paramedian rather than inter- 
mediate, as suggested by the Wagner-Grossman hy- 
pothesis. Hirano et al also noted that as an alternative 
to rotation, there may be an anterior displacement of 
the paralyzed vocal fold with a shortening of the fold. 
Tanaka et al!^ also noted that the CT activity had little 
to do with vocal fold bowing. When laryngeal EMG 
were performed on patients with vocal fold paralysis 
and bowing, 69% had markedly reduced TA activity. 


Koufman et al recently published a paper that also 
analyzed vocal fold position in a number of different 
disorders, and they concluded that the “cricothyroid 
muscle does not influence the vocal fold in laryngeal 
paralysis.”4P368) The authors performed laryngeal 
EMG of the TA muscles and had patients snif? (max- 
imal abduction). They found “paradoxical recruit- 
ment.” Koufman et al state that “it is likely that 
different patterns of spontaneous aberrant regenera- 
tion might be the explanation for different vocal fold 
positions after laryngeal paralysis.”’4P37) Depending 
on the nature of the injury, reinnervation could come 
from nerves adjacent to the RLN. Reinnervation can 
come from the ansa cervicalis nerves to the strap 
muscles, or from other local nerve supplies. Nomoto 
et al^ in a study of denervated feline laryngeal 
muscles, found nerve terminals, resembling auto- 
nomic nerves, reinnervating all neuromuscular junc- 
tions. 


Most EMG studies of patients with vocal fold 
paralysis were performed to determine the likelihood 
of recovery of normal function. A number of studies 
found recovery of electrical activity, but no vocal fold 
motion. The frequency of laryngeal synkinesis after 
RLN injury is unknown.! Some of the patients who 
have been classified as having long-term vocal fold 
paralysis in previous reports actually have an immo- 
bile fold with mixed reinnervation and synkinesis. 
The current study is to determine, with laryngeal 
EMG, whether patients who achieve good voice but 
continued vocal fold immobility are differen: from 
patients who have poor voice with continued vocal 
fold immobility. Seven patients in each group were 
studied, and all patients with good voice were found 
to have synkinetic activity (SICAM) of the TA and 
PCA muscles. Two patients additionally had synki- 
netic activity in the CT muscle. The vocal folds ex- 
hibited normal shape, muscle mass, and arytenoid 
position. This left the vocal fold in a paramedian 
position with good tone and glottic wave. Two of the 
patients had a slight tremor or jerky motion of the 
immobile vocal fold when phonating, suggesting an 
alternating imbalance between antagonistic muscles. 


In contradistinction, most of the patients who 
displayed persistent poor voice had signs of chronic 
denervation of the TA and PCA muscles. Two of the 
7 patients with poor voice had some signs of rein- 
nervation (occasional polyphasics or complex giant 
waves) but had a markedly decreased number and 
amplitude of MUPs, as well as a markedly reduced 
interference pattern. This finding suggested that al- 
though there was some reinnervation, the amount of 
electrical activity was so small that the muscles were 
effectively denervated. The vocal folds often as- 
sumed an intermediate position with an open glottic 
chink. The arytenoids were tipped anteriorly and 
medially, causing a shortening of the TA muscle, 
allowing some bowing. This further increased the 
breathiness of vocalizations. These arytenoid posi- 
tions are consistent with the findings of Hirano et al. 
The change in position of the arytenoid with a lax, 
bowed vocal fold may explain why some patients 
continued to have poor glottal waves with vocal cord 
paralysis. 


Kokesh et al!” correlated the stroboscopic pattern 
with EMG in patients with vocal fold paralysis. They 
found that 8 of 10 patients with EMG evidence of 
reinnervation or partial denervation had good sym- 
metric mucosal waves, whereas 3 of 10 with denerva- 
tion had symmetric mucosal waves. Sercarz et al!8 
studied 3 volunteers who had SLN and RLN blocks 
to simulate a vocal fold paralysis, and 20 patients 
with a unilateral paralyzed vocal fold, with video- 
stroboscopy. Kokesh et al found that the “most sig- 
nificant finding was asymmetry of the traveling wave 
motion.” !7(P855) The normal vocal fold had a faster 
wave that caused a phase difference between the 
vocal folds. In our present study, most of the patients 
with good voice and an immobile fold had a symmet- 
ric glottal wave, most likely representing good muscle 
tone due to aberrant regeneration. 


CONCLUSIONS 


The observations of vocal fold position and func- 
tion made by Semon are unlikely to be explained only 
by abductor fiber weakness, or adductor predomi- 
nance. It is similarly unlikely to be caused by CT 
involvement, as suggested by the Wagner-Grossman 
hypothesis. In concurrence with the work of anumber 
of other investigators, our current study suggests that 
the cause is variable reinnervation and synkinesis or 
simultaneous contraction of antagonistic muscles 
(SICAM). These variable changes in neuromuscular 
activity will dictate the fold position, the arytenoid 
position, and the vocal fold tone, mass, and mucosal 
wave. These attributes will translate into the func- 
tional characteristics observed. 
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BENIGN PAROXYSMAL POSITIONAL VERTIGO OF POSTERIOR 
SEMICIRCULAR CANAL: RESULTS IN 160 CASES TREATED WITH 
SEMONT'S MANEUVER 
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One hundred sixty patients affected by benign paroxysmal positional vertigo of the posterior semicircular canal were treated with 
Semont's maneuver. Complete recovery after only one session was achieved in more than 50% of cases. After a maximum of five 
sessions, almost all patients had recovered; only 8 needed another kind of rehabilitation. No drug therapy was required for any patient. 


KEY WORDS — benign paroxysmal positional vertigo, Semont's maneuver. 


INTRODUCTION 


The basic characteristics of benign paroxysmal 
positional vertigo (BPPV) are implicit in the name. 
Fundamentally an episodic vertigo of the objective 
rotational type, it is sometimes associated with a 
feeling of “inversion” or “levitation.” It is defined as 
“typical” if the clinical and laboratory data coincide 
only with disturbances of the semicircular canals; it 
is considered “atypical” if the characteristics of evo- 
cation are not standard or are accompanied by oto- 
neurologic alterations or more general disturbances 
of the internal ear or of the central vestibular path- 
ways. The typical form, with its paroxysmal crisis of 
brief duration (with rapidly increasing vertigo and a 
stable phase followed by regression), may occur 
several times on the same day or on those following. 


Symptoms are triggered by a certain head position 
(rarely more than one) that the patient can often 
describe precisely and that can be reproducec artifi- 
cially. Even presupposing spontaneous recovery, not 
all authors agree the condition is benign, since pa- 
tients sometimes report symptoms lasting for many 
years, even if accompanied by more or less long 
periods of good health. On the basis of observations 
by Barany! first and others later,?4 Schuknecht 
developed a clinical classification of BPPV bzsed on 
the otoconial hypothesis. According to this theory, 
fragments of otoconia detach from the utricular macula 
and enter into contact with the cupula of the posterior 
semicircular canal (PSC), transforming it intc a sen- 
sor of linear acceleration. When the patient moves 
into the crucial position, the force of gravity acts on 
the otoconial mass and determines an outward flow 
of fragments. According to the laws of Ewald, this 
receptor stimulation evokes a vestibular-oculomotor 


reflex (VOR) on the vertical plane of the PSC, which 
is manifested clinically as a nystagmus (NY), some- 
times clearly described as vertical or purely rotatory 
(counterclockwise in involvement of the right PSC, 
clockwise in involvement of the left PSC) or even 
vertical-rotatory. 


Benign paroxysmal positional vertigo may result 
from canalithiasis rather than cupulolithiasis.9-10 This 
theory holds that fragments of amorphous material, 
probably of otoconial origin, are suspended in the 
PSC endolymph. However, the only in vivo evidence 
of these fragments is provided by the Parnes and 
McClure!! observations made during PSC occlusion 
surgery in patients with BPPV who were refractory to 
physical treatment. When the head is moved into the 
triggering position, the fragments sink into the most 
dependent position in the canal, causing the endo- 
lymph to move away from the ampulla and overcome 
the cupula inertia, resulting in inappropriate stimula- 
tion of the canal ampullary nerve. 


Whatever the etiopathogenic origin, the pattern of 
NY in a typical attack of BPPV is always the same.. 


1. Latency in onset reflects the time necessary for 
the gravitational push to put the otoconial debris in 
motion. 


2. The NY increase-plateau-decrease pattern re- 
sults in endolymph inertia versus the stimulus caused 
by the ampullar crest maneuver. 


3. Nystagmus inversion upon returning to the ini- 
tial position (seated) is almost always of minor im- 
portance, and is sometimes only a subjective feeling 
of vertigo. 


4. Nystagmus exhaustion (ie, the tendency to alle- 
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Fig 1. Initial self-evaluation (see Table). V1 — light 
dizziness, V2 — vertigo, D1 — duration of less than 1 
minute, D2 — duration of less than 15 minutes. 


viation until disappearance if the crucial head posi- 
tion is resumed repeatedly at short intervals) can be 
explained because the position generates an endolym- 
phatic flow that tends to disentangle the otoliths in 
the ampullar crest or the long arm of the PSC. If the 
otoliths have enough time to return to their original 
position, before the crucial position is resumed, the 
same vertigo effect and NY will be caused again. 
Instead, inrepetitions after a brief passage of time, the 
vertigo will be less intense, and the NY will have a 
longer latency time and minor duration. With a quick 
series of stimuli, symptoms gradually decrease until 
they disappear, because for every action some oto- 
liths will detach and will be unable to drift onto the 
cupola. 


This description is valid for BPPV of the PSC — 
the most frequent because of the anatomic position 
of the canal with respect to the utricular macula — 
but BPPV of the lateral canal has also been de- 
scribed, 7-14 in isolation or associated with BPPV of 
the PSC or consequent to rehabilitative maneuvers. 
The trigger is the action of turning onto one side, 
which induces a very violent horizontal geotropic 
NY with latency — the increase-plateau-decrease 
pattern followed by NY inversion. The same clinical 
picture occurs less intensely on the other side, and 
often in these patients the Dix-Hallpike maneuver 
also provokes a similar NY. The position of the 
lateral semicircular canal (LSC) makes one think of 
apathogenic mechanism similarto BPPV ofthe PSC. 
Endolymphatic flow generated from the maneuver 
appears to be determined by the speedy dislocation of 
a dense mass (otolithic fragments) located in the 
nonampullar end of the LSC or by changes in endo- 
lymph viscosity in the LSC that make it more suscep- 
tible to variations in the direction of gravity.!? There- 
fore, BPPV in the LSC is usually considered together 
with, and not separate from, BPPV inthe PSC, as both 
forms are due to increased semicircular canal sensi- 
tivity to the force of gravity. The elastic properties of 
endolymphatic fluid, and the tendency of fragments 
to disperse, end the stimulus, the vertigo, and the NY. 
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Fig 2. Duration of symptoms. 


Nystagmus inversion after a certain time may be due 
to acentral mechanism or to the reflux of the otoliths 
and the endolymph fluid in the LSC. 


Occasionally, BPPV may be caused by cranial 
trauma, impairment of blood circulation in the inter- 
nal ear, labyrinthitis such as in Meniere’s disease, 
toxic labyrinthitis (drugs), middle ear surgery, gen- 
eral illnesses like macroglobulinemia or hyper- 
gammaglobulinemia, prolonged bed rest after sur- 
gery,2 15-22 etc. In most cases the pathogenesis re- 
mains obscure. !5+!7,21,23-29 


The aim of this work was to verify the efficacy of 
the rehabilitative maneuver of Semont,?? in cases in 
which it was utilized alone and in cases in which its 
failure (after at least five sittings) had required a 
rehabilitative cycle according to the FIVE technique?! 
or the Italian Otorhinolaryngologist Hospital Asso- 
ciation (AOOT) protocol.?2 


MATERIALS AND METHODS 


One hundred sixty patients (104 women, 56 men, 
age range 15 to 78 years, mean age 47.1) affected by 
"typical" BPPV were selected. Ninety-eight patients 
out of 160 (61%) were suffering from intense vertigo 
that made them freeze their movements; 62 (39%) 
had slight vertigo accompanied by good motor activ- 
ity (Fig 1). The onset of vertigo was within the 
previous week in 62 patients (39%), month in 43 
patients (2796), 6 months in 26 patients (1696), and 
year in 14 patients (996) and had occurred more than 
] year earlier in 15 patients (9%). In 1 case vertigo had 
begun 4 years earlier, after the patient was extracted 
from a car involved in an accident (Fig 2). 


The BPPV was diagnosed on the basis of the 
following tests: audiometry, Romberg's test, Unter- 
berger's test, observation of spontaneous NY with 
Frenzel glasses, positional and positioning maneu- 
vers (right hip, left hip, Dix-Hallpike, Rose, Semont 
diagnostic), hot and cold stimulation according to the 
Fitzgerald-Hallpike method, impedance tests, evoked 
brain stem auditory potentials, and neurologic and 
vascular evaluation. Intensity of vertigo was esti- 
mated by a new self-evaluation protocol set up by the 
Italian Group for the Pharmacological Study of Ver- 
tigo (GISFaV; see Table). All tests, except the posi- 
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PROTOCOL FOR SELF-EVALUATION SET UP BY 
ITALIAN GROUP FOR PHARMACOLOGICAL STUDY 
OF VERTIGO (GISFAV) 
Evaluation of intensity of vertigo (V) 
1) Light dizziness (the patient can stand up and walk) 
2) Vertigo (the patient must stop during the crisis) 
3) Disabling vertigo (the patient must be always still) 
Associated symptoms (N) 
1) Absent 
2) Nausea 
3) Vomiting 
Duration of crisis (D) 
1) Less than 1 minute 
2) Less than 15 minutes 
3) A few hours 
4) One or more days 
Frequency of crisis (F) 
1) Every month 
2) Every week 
3) Every day 
4) Several times a day 
Quality of life (Q) 
0) Normal 
1) Incomplete inactivity 
2) Total inactivity 
Modified from protocol GISFaV from ‘2°Copresso Nazicrale del 
Gruppo Italiano per la Farmacologia della Vertigine (GISFaV). Flor- 
ence, Italy: Pacini Editore, 1991. 


tional and positioning movements, were negative, 
thus ruling out that the vertigo was caused by any 
other disease of the labyrinth. The Semont diagnostic 
and/or the Dix-Hallpike maneuvers were positive in 
all cases, with the characteristic torsional NY appear- 
ing after a latency period and gradually disappearing. 
Repeating the maneuver showed NY fatigability. 


After diagnosis of BPPV, Semont’s maneuver was 
recommended and all subjects were informed about 
the side effects. Semont’s maneuver”? is performed 
as follows: the patient sits on the edge of the bed 
looking straight ahead. With the physician holding 
his or her head steady, the patient is rapidly guided 
down until lying on the affected side. The head is 
rotated upward into a 45° angle. This rapid change of 
position elicits the paroxysmal vertigo with torsional 
NY. The patient remains in this position for 2 minutes 
or until the NY disappears. The patient is quickly 
moved onto his or her other side and the head is 
rotated downward into a 45° angle. This counter- 
maneuver elicits the paroxysmal vertigo; the NY 
response from the first to the second Semont’s posi- 
tion remains the same. After 2 minutes the patient is 
slowly raised to the seated position with his or her 
head straight. When positional NY persisted after 
Semont’s maneuver, the maneuver was repeated un- 
til disappearance. In the following 24 hours the pa- 
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Fig 3. Location of benign paroxysmal positional vertigo. 


tient was asked to avoid brisk movements and actions 
that could provoke rapid acceleration or deceleration 
in head maneuvers, but to remain mobile. After 2 
days, a new subjective estimate using the GISFaV 
scales was made, and the Dix-Hallpike maneuver 
was performed. When subjective disturbances or 
clinical signs (NY) were absent, patients were reas- 
sessed after 7 days, 30 days, and 6 months. If symp- 
toms persisted, the patient was subjected to another 
Semont’s maneuver, repeated as needed for a maxi- 
mum of five times. 


If these cycles did not produce complete normal- 
ization, the patient was treated by a different rehabili- 
tative protocol according to the FIVE?! or AOOI?2 
recommendations. 


RESULTS 


In 82 of the 160 patients (51%) the semicircular 
canal involved was the right PSC, and in 61 (38%) the 
left PSC. Both PSCs were involved in only 17 pa- 
tients (11%; Fig 3). 


After all cycles of treatment, none of the subjects 
presented objective or subjective troubles (VO, NO, 
DO, FO, Q0) on the GISFaV scale (see Table). In 152 
cases, Semont's maneuver alone was enough (95%). 
In the other 8 (596), at the end of the five sessions (the 
maximum number programmed), it was necessary to 
proceed toan alternative cycle of reeducation accord- 
ing to the FIVE technique (5 cases) or the AOOI 
protocol (3 cases) because of the persistence of ver- 
tigo symptoms — which were, however, much less 
intense than before therapy with Semont’s maneuver 
(Fig 4). After 6 months no patient presented signs or 
symptoms of vertigo. 


Of the 152 patients treated only with Semont’s 
maneuver, disturbances disappeared in 82 after the 
first treatment (53% of the 160), in 36 after the sec- 
ond (23%), in 19 after the third (12%), in 10 after the 
fourth (6%), and in 5 after the fifth (3%; Fig 5). 


The success rate was linked to the time of onset. 
One treatment session was sufficient in about 95% of 
patients presenting symptoms for less than 1 week, in 
44% of patients with symptoms for less than 1-month, 
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The 100% success rate that we achieved using 
Semont’s maneuver alone (95%) or followed by re- 
habilitation therapy (5%) and the success rates re- 
ported elsewhere for other maneuvers’ show that 
surgery should not be recommended in BPPV, par- 
ticularly when one considers the risks inherent in any 





operation and the specific, although rarely observed, 
complications in the inner ear. Surgery might be 
recommended only for those very few cases of BPPV 
(perhaps not really typical?) that are refractory to 
both liberating maneuvers and rehabilitation, none of 
which were observed in this study. 
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DIMENSIONS OF THE SINUS TYMPANI AND ITS SURGICAL ACCESS 
VIA A RETROFACIAL APPROACH 
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A 


Fig 1. Human temporal bone at level of stapedial tendon (level I). A) Horizontal section. B) Tracing of same section indicating 
topographic measures A, B, W, and D. A — facial nerve-lateral semicircular canal (FN-LSC) interspace, B — facial nerve- 
chorda tympani (FN-ChT) interspace, W — sinus tympani (ST) width, D — ST depth. 


ated and used in this study only if available sections 
included the stapedial tendon, round window, PSC, 
LSC, FN, and chorda tympani (ChT). Any temporal 
bone specimens with artifacts, poor staining, or fail- 
ure to include the structures of interest were excluded 
from the study. 


An otomicroscope was fitted with a video camera, 
and the image of each temporal bone section was 
transmitted to an Apple Macintosh computer screen. 
Precise measurements were made after scaling the 
distances on the screen with the digital image pro- 
cessing and analysis software package Image 1.43. 


Anatomic topography was quantified by measur- 
ing the shortest distance between the FN epineurium 
and the PSC (A) and the shortest distance between the 





Fig 2. Human temporal bone midway between level of stapedial tendon and round window (level IT). A) Horizontal section. B) 





FN epineurium and the ChT (B). The maximum 
width (W) and the maximum depth (D) of the ST 
were also measured. The depth of the ST was mea- 
sured as the maximum distance from the midpoint of 
the entrance to the ST to its most posterior extent. 
Figures 1 through 4 are photomicrographs accompa- 
nied by line drawings of temporal bone sections 
through each of the four levels from which topo- 
graphic distances A, B, W, and D were measured. 
These measurements were taken at four levels within 
each temporal bone: at the level of the stapedial 
tendon (level I), midlevel between the stapedial ten- 
don and the round window (level ID, at the round 
window (level IIT), and in the hypotympanum (level 
IV) (Fig 5). The thickness of the compact bony plate 
separating the ST from the mastoid air cells (E2) and 


Ius asia nt 


Tracing of same section indicating topographic measures A, B, W, D, E2, and F2. A — FN-posterior semicircular canal (PSC) 
interspace, B — FN-ChT interspace, W — ST width, D — ST depth, E2 — ST bone plate thickness, F2 — facial recess (FR) 


bone plate thickness. 
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Fig 3. Human temporal bone at level of round window 
indicating topographic measures A, B, W, and D. A — FN 
ST depth. 


the bone separating the facial recess from the mastoid 
air cells (F2) was measured only at level II, between 
the ST and the round window niche. Table 1 orga- 
nizes the 18 measurements taken from each of the 
temporal bone specimens. 


The degree of aeration in the compact bone of the 
posterior walls of both the ST and the facial recess 
(FR) was assessed and the bone was categorized as 
pneumatized or acellular. Partially pneumatized bones 
were included in the pneumatized group. Table 2 
shows the distribution of pneumatization observed 
within three areas of the temporal bones — in the 
region of the ST, in the region of the FR, and in the 
mastoid portion of the temporal bone. 


The data were analyzed for effect of side, gender, 


A 


Ozturan et al, Retrofacial Approach to Sinus Tympani 





(level IIT). A) Horizontal section. B) Tracing of same section 
-PSC interspace, B — FN-ChT interspace, W — ST width, D — 


degree of pneumatization in the regions of the ST and 
the FR, and level within each specimen. Because 
there were 327 bones from 323 subjects, a four-factor 
repeated-measures analysis of variance (ANOVA) 
approach for unbalanced data was used. The ANOVA 
model used to compute the effect of side (right or left 
temporal bone) was a mixed multivariate model that 
included a random effect for subject. The purpose of 
this analysis strategy was to isolate the effect of 
subject on bone characteristics and separate it math- 
ematically from the contributions of the other terms 
such as side, level, gender, and pneumatization. The 
resulting simultaneous solution is adjusted for all 
terms in the model, allowing the use of both temporal 
bones from the same subject. Computations were 
performed by the SAS General Linear Models proce- 





Fig 4. Human temporal bone at level of hypotympanum (level IV). A) Horizontal section. B) Tracing of same section 


indicating topographic measures A, B, W, and D. A — FN-PSC interspace, B — FN-ChT interspace, W — ST width, D — 


ST depth. 


Ozturan et al, Retrofacial Approach to Sinus Tympani 779 


TABLE 1. TOPOGRAPHY REFERENCE TABLE OF DISTANCES MEASURED AT FOUR STANDARDIZED LEVELS 


FN-LSC or 
Level FN-PSC FN-ChT 
I — Stapedial tendon Al Bl 
II — Between stapedial tendon and 
round window A2 B2 
III — Round window A3 B3 
IV — Hypotympanum A4 B4 


Thickness Thickness 
of ST Bone of FR Bone 
ST Width ST Depth Plate Plate 
Wl D1 
W2 D2 E2 F2 
W3 D3 
W4 D4 


FN — facial nerve epineurium, LSC — lateral semicircular canal, PSC — posterior semicircular canal, ChT — chorda tympani, ST — sinus tympani, 


FR — facial recess. 


dure version 6.08.4 
. RESULTS 


Table 3 summarizes the topographic measures by 
site and level. A critical distance reflecting the acces- 
sibility of the ST from the mastoid is the distance 
between the FN epineurium and the LSC at level I, 
and between the FN epineurium and the PSC at levels 
II, III, and IV. The average distance between these 
Structures increased from 2.33 to 3.78 mm with 
progressively inferior sections. These differences in 
interspace dimensions were all significantly differ- 
ent by ANOVA except at level II to level III. The 
maximum distance between the EN epineurium and 
the labyrinth was 3.78 mm and this was at the level of 
the hypotympanum (level IV) inferior to the ST. 


In comparison, the traditional access route to the 
middle ear from the rnastoid is via the FR and is 
limited by the distance between the FN epineurium 
and the ChT. In the current series of temporal bones 
examined, the maximal distance between the FN and 
the ChT was at level I, averaging 3.04 mm in the 
region of the stapedial tendon. In contrast to the ST 
topography, the FN-ChT distance decreased with 
successive inferior sections to a gap of 2.33 mm at 
level III. 


. A comparison of the distances between critical 
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Fig 5. Surgical view of mastoid and middle ear and four 
standardized levels at which measurements were taken. 


structures delimiting the FR and the ST indicates that 
accessibility to the mesotympanum from either ap- 
proach is highly dependent on the level examined. At 
the level of the stapedial tendon, the FN-ChT 
interspace was larger than the FN-LSC interspace: 
3.04 versus 2.33 mm. However, at all subsequent 
levels, the FN-PSC interspace was consistently and 
significantly largerinsizethan the FN-ChT interspace. 
At level II the EN-PSC interspace was 2.86 mm, 
versus 2.68 for the FR. At level III the FN-PSC 
interspace was 2.98 mm, versus 2.33 for the FR. The 
size dimensions of the ST varied, with an average W 
of 1.49 + 0.39 (SD) mm and a range of 0.49 to 3.87 
mm, and an average D of 2.06 x 0.60 mm and a range 
of 0.2 to 9.9 mm. 


Effect of Side and Gender. One hundred sixty-nine 
right and 158 left ears were examined. One hundred 
seventy-four bones were from males and 153 were 
from females. None of the topographic measures 
showed evidence of sidedness. Likewise, there were 
no significant differences for any of the anatomic 
measures when examined for the effect of gender. 


Effect of Pneumatization. The mastoid cavity was 
pneumatized in 321 cases and partially pneumatized 
in 6 cases. There were no sclerotic mastoids in this 
series. The compact bone between the ST and mas- 
toid air cells was pneumatized in 20 cases, partially 
pneumatized in 56 cases, and acellular in 251 cases. 
The bone plate between the FR and the mastoid was 
pneumatized in 100 cases, partially pneumatized in 
128 cases, and acellular in 99 cases (Table 2). 


Thepneumatized and partially pneumatized speci- 
mens were combined and contrasted with the acellu- 


TABLE 2. DEGREE OF PNEUMATIZATION NOTED IN 
THREE LOCATIONS WITHIN TEMPORAL BONE 


Partially 
Pneumatized Pneumatized _ Sclerotic 
Sinus tympani 20 56 251 
Facial recess 100 128 99 
Mastoid cavity 321 6 0 


Data are number of temporal bones. 
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TABLE 3. TOPOGRAPHIC MEASUREMENTS (MEANS AND STANDARD DEVIATION) WITHIN TEMPORAL BONE 





SPECIMENS AT FOUR LEVELS 
Topographic Sites Level I Level II Level III | Level IV 
FN-PSC or FN-LSC (A) 2.33 x: 0.57 (A1) 2.86 + 0.54 (A2) 2.98 + 0.41 (A3) 3.78 x 1.16 (A4) 
FN-ChT (B) 3.04 x 0.43 (B1) 2.68 + 0.34 (B2) 2.33 x 0.34 (B3) 1.98 + 0.39 (B4) 
ST width (W) 1.06 + 0.35 (W1) 1.49 + 0.39 (W2) 1.37 + 0.60 (W3) 1.16 + 0.51 (W4) 
ST depth (D) 1.08 + 0.85 (D1) 2.06 + 0.60 (D2) 1.63 + 0.76 (D3) 1.32 + 0.81 (D4) 
Thickness of bone posterior to ST 3.19 + 0.73 (E2) 
Thickness of bone within FR 1.58 + 0.72 (F2) 


Data are mean + SD in millimeters. Abbreviations as in Table 1. 


lar temporal bones. Specimens that contained pneu- 
matized compact bone posterior to the ST had a 
significantly larger interspace between the FN and 
the LSC at level I compared with specimens with 
acellular bone in this area. Also, the W and D of the 
ST at levels I through III were significantly larger in 
specimens containing pneumatized bone between the 
ST and the mastoid. The ST had an increased depth of 
] mm in those specimens containing pneumatized 
compact bone. Conversely, the thickness of the com- 
pact bone separating the ST from the mastoid air cells 
at level II was significantly greater in specimens in 
which this bone was acellular compared with those in 
which it was pneumatized (Table 4). Temporal bones 
in which the posterior wall of the ST is acellular have 
. an average of 1.85 mm more bone between the ST and 
the mastoid cavity, compared to bones in which the 
posterior wall is pneumatized. 


The size variation of the FN-ChT interspace, the 
size of the ST, and the thickness of the bone plate 
between the FR and the mastoid were assessed for 
systematic variation as a function of pneumatization 
of the bone contained within the FR (Table 5). At 
level II, between the stapedial tendon and the round 
window, the thickness of the compact bone within the 
FR was significantly greater in specimens containing 
acellular bone compared with pneumatized bone (p < 


0001). The acellular specimens average an increased 
bone thickness of 1.36 mm compared to pneumatized 
FR cases. Also, in specimens containing pneumatized 
compact bone between the FR and the mastoid, the 
FN-ChT interspace at the round window (level IIT) 
was significantly greater compared with acellular 
bones (p < .0431). Pneumatization of the FN-ChT 
interspace had no effect on the degree of posterior 
extension or depth of the ST. 


DISCUSSION 


The ST has long been recognized as a challenging 
area in otologic surgery. It comprises a region of the 
posterior mesotympanum that is refractory to direct 
visualization. Removal of disease from this area 
often is limited to blind probing with blunt excavators 
in an attempt to remove any hidden disease. Since the 
ST is commonly invaded by cholesteatoma and/or 
granulation tissue,? addressing this area can be criti- 
cal to the successful eradication of disease. Unsatis- 
factory visualization of the ST has led to the consid- 
eration of alternative approaches to this area. The FR 
approach, as suggested by Jansen,® provides access to 
some of the problem areas in the posterior tympanum. 
However, complete access to an unusually large ST 
is not possible from this approach (Fig 6). More 
radical procedures, such as the canal wall-down 


TABLE 4. EFFECT OF PNEUMATIZATION OF BONE POSTERIOR TO SINUS TYMPANI ON TOPOGRAPHIC MEASURES 


Site Level Sclerotic (mm; mean x SD) ^ Pneumatized (mm; mean x SD) ANOVAp 
FN-LSC I 2.23 + 0.07 2.65 + 0.13 .0438 
FN-PSC II 2.80 + 0.07 3.03 + 0.13 .1408 
FN-PSC III 2.94 x 0.05 3.11 x 0.10 .842A 
FN-PSC IV 3.66 + 0.14 4.15 + 0.26 1065 
ST width I 0.99 x 0.04 1.29 + 0.08 .0154 
ST width II 1.42 + 0.05 1.73 x 0.08 .5317 
ST width Til 1.30 + 0.07 1.59 x 0.14 .9494 
ST width IV 1.09 + 0.06 1.41 x 0.11 .9032 
ST depth I 0.87 x 0.11 1.75 + 0.19 3147 
ST depth II 1.79 x 0.08 2.95 x 0.14 .0027 
ST depth III 1.41 x 0.09 2.34 + 0.17 .0451 
ST depth IV 1.16 x 0.10 1.84 x 0.19 .1464 
ST thickness II 3.62 + 0.09 1.77 x 0.16 .0001 


Abbreviations as in Table 1. 
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TABLE 5. EFFECT OF PNEUMATIZATION OF FACIAL RECESS ON TOPOGRAPHIC MEASURES 


Sclerotic FR Pneumatized FR 
Site Level (mm; mean + SD) (mm; mean x SD) ANOVA p 
FN-ChT I 2.92 + 0.08 3.09 x 0.06 4994 
FN-ChT II 2.53 x: 0.07 2.75 x 0.05 .5793 
FN-ChT III 2.17 x 0.06 2.40 x 0.04 0431 
FN-ChT IV 1.81 + 0.08 2.05 + 0.05 .2109 
ST depth I 1.82 x 0.12 2.16 x 0.08 .1904 
ST depth II 1.42 + 0.15 1.72 + 0.10 .3806 
FR thickness i 2.53 + 0.14 1.17 x 0.09 .0001 


Abbreviations as in Table 1. 


technique with removal of the posterior canal wall 
and ChT sacrifice, may still not adequately expose 
the ST.’ The concept of endoscopic ear surgery has 
been introduced in recent years in an attempt to 
visualize hidden zones of the middle ear and the 
mastoid. 8 The ST is the most often mentioned incon- 
spicuous region for which this technique may have a 
place. However, while endoscopes may improve 
visualization of this area, they do not solve the 
problem of removing the disease. 


Messerotti et al? investigated the retrotympanum 
area in 25 fresh human temporal bones. The recess 
that was found to be present most consistently in the 
retrotympanum was the ST. The ponticulus, consid- 
ered the superior boundary of the ST, was observed 
in only 5096 of cases. The subiculum, known as the 
inferior margin of the ST, was observed in 72% of the 
cases. They found the depth of the ST to range from 
1.5 to 6.5 mm, and the width of the ST ranging from 
1to4.5 mm.? Similar findings were reported by Saito 
et al.!° In the present series of 327 temporal bones the 
depth of the ST ranged from 0.2 to 9.9 mm (average 
2.06 mm), and the width was 0.49 to 3.87 mm 
(average 1.49 mm). The distance between the EN and 





Fig 6. Schematized surgical view of large ST with limited 
access from middle ear, requiring retrofacial approach for 
exposure. 


PSC at the level between the stapedial tendon and the 
round window averaged 2.86 mm. These findings are 
in close accordance with the literature for the ST 
dimensions.?.10 


Reports in the literature demonstrate that the inner 
and middle ear structures do not alter their dimen- 
sions or anatomic relationships with aging.10-13 Young 
and Nadol!^ did not find any significant difference in 
the dimensions of the extended FR with age, sex, or 
pneumatization. In the present study, the average 
maximum width of the ST was 1.56 mm in males and 
1.40 mm in females and the average maximum depth 
of the ST was 2.15 mm in males and 1.95 mm in 
females. Consistent with previous reports, these dif- 
ferences were not found to be significant. . 


This study did find a consistent effect of pneumat- 
ization on ST topography. Comparisons were made 
between temporal bones in which the posterior wall 
of the ST was pneumatized and those in which it was 
acellular. We found that at level II the average FN- 
PSC interspace was 2.80 mm in acellular cases, the 
average D of the ST was 1.79 mm, and the compact 
bone between the ST and mastoid air cells averaged 
3.62 mm. In bones containing a pneumatized poste- 
rior wall of the ST, the FN-PSC interspace averaged 
3.03 mm, the average D of the ST was 2.95 mm, and 
the average W of the compact bone between the ST 
and mastoid air cells was 1.77 mm. While the differ- 
ences in the measurements of bone plate thickness 
posterior to the ST and ST D were significant, there 
was no significant difference in FN-PSC interspace 
size between cases in which the posterior wall of the 
ST was pneumatized or acellular, except at the level 
of the stapedial tendon. According to Proctor and 
Nager’s!5 detailed study of FN anatomy, the distance 
separating the FN from the summit of the angle 
formed by the horizontal and posterior semicircular 
canals is at most 3 to4 mm. Medially, the second turn 
of the FN is separated from the ampulla of the PSC by 
4 to 5 mm of compact bone in pneumatized temporal 
bones and by only 2 mm of compact bone in sclerotic 
temporal bones.!> There were no sclerotic temporal 
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bones examined in the current study. 


It is well known that the ST displays significant 
variability in its size and posterior extent. This vari- 
ability was also demonstrated in the present study. 
The clinical relevance of these topographic varia- 
tions is that one can predict the potential risk of 
inadequately treating an unusually large ST in those 
specimens containing a pneumatized posterior wall. 
This occurred in nearly 25% of the specimens exam- 
ined in this study. These specimens also had a nar- 
rower plate of bone interposed between the ST and 
the mastoid air cells than the acellular specimens. 
Potentially, then, the cases that would most benefit 
from a posterior approach to the ST between the FN 
and the labyrinth would have favorable anatomy for 
this approach. The feasibility of a retrofacial ap- 
proach to the ST hinges on access between the FN and 
the labyrinthine structures. Experience with the FR 
approach to the mesotympanum has shown that this 
is surgically possible in most temporal bones. The FR 
approach provides access to the oval window region 
and the posterior mesotympanum. Exposure of the 
ST is limited by the posterior canal wall and the 
descending portion of the FN.!° In this study the size 
of the FN-ChT interspace ranges from 1.98 to 3.04 
mm. The size of the FN-PSC interspace was equal to 
or greater than the size of the level II FN-ChT 
interspace, the area of the FR approach, in 64.5% of 
specimens. In other words, at all levels below the 
stapedial tendon the FN-PSC interspace was greater 
than the FN-ChT interspace in nearly two thirds of the 
temporal bones examined. This suggests that an 
approach to the medial mesotympanum via the ST is 
possible. 


High-resolution computed tomography (CT) has 
been useful in obtaining additional evidence of ST 
invasion by cholesteatoma. Bone destruction in the 
posterosuperior part of the tympanic annulus, the 
lateral wall of the FR, and the pyramidal eminence is 
an important finding for suspected invasion of the ST 
area by cholesteatoma.!" In addition, preoperative 
CT scanning can provide important information re- 
garding the D of the ST and whether the bone sur- 
rounding the FN in the descending portion is pneu- 
matized or acellular. 


The retrofacial air cell tract and its anatomic im- 
portance had been emphasized by Benecke et al.18 It 
is possible to identify the FN, endolymphatic sac, and 
jugular bulb without injury to the inner ear, because 
of the constant presence of this cell tract. This cell 
group is located posterior and medial to the FN. 
Superiorly, they are in contact with the deep subantral 
cells around the LSC and PSC, and inferiorly, they 
extend over the sigmoid sinus and jugular bulb.!? We 


have also found that a well-pneumatized retrofacial 
air cell tract was present in almost all of the temporal 
bones studied. The retrofacial air cell tract provides a 
consistent and surgically relatively safe starting point 
for dissection of the ST. The tract can be followed 
superiorly and laterally to the PSC as an entry point 
to the posterior ST (Fig 6). 


The posterior approach to the ST should be fea- 
sible for all levels inferior to the stapedial tendon. A 
preoperative CT scan showing a well-developed ST 
with pneumatization of the bone between the ST and 
the mastoid air cells suggests anatomy favorable to 
this approach. Forward positioning of the sigmoid 
sinus, a superior location of the jugular bulb, lateral 
positioning of the PSC, a medially shifted FN, or a 
poorly developed ST all potentially complicate this 
posterior approach to the ST. 


CONCLUSIONS 


This study demonstrates that the distance between 
the labyrinth and the FN is greater than the distance 
between the FN and ChT in all levels, except in the 
region of the stapedial tendon. Therefore, aretrofacial 
approach to the ST should be feasible at all levels 
except that of the stapedial tendon. Favorability is 
increased if this area is pneumatized. While preop- 
erative CT scanning can be helpful in selecting favor- 
able cases, intraoperative findings will dictate the 
necessity for the retrofacial ST approach. If CT 
scanning shows a shallow ST or lack of posterior 
expansion of the ST, a highly placed jugular bulb 
close to the bony labyrinth, or a laterally positioned 
PSC, the approach is contraindicated. Likewise, in- 
traoperative findings of an unfavorable position of 
the sigmoid sinus or jugular bulb or FN variations 
contraindicate this approach. 


The ST remains a difficult site in the middle ear 
that can contain disease and that can be challenging 
to address. The usual approach to this area is to 
perform blind probing in an attempt to eradicate any 
retained epithelial remnants or granulation tissue. 
We have studied over 300 temporal bones to further 
describe the anatomic dimensions of the ST. We 
conclude that in up to 65% of cases the ST can be 
approached from the mastoid in a retrograde fashion. 
This is essentially a surgical extension of the consis- 
tently present retrofacial air cell tract superiorly be- 
tween the FN and the labyrinth. We recommend high- 
resolution CT of the temporal bone to assess the 
pneumatization and depth of the ST and surrounding 
bone prior to attempting this new approach, because 
the surgical dimensions are so small and the tolerance 
for error is minuscule. 
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PNEUMATIZATION OF THE TYMPANIC BULLA AFTER BLOCKAGE 
OF THE VENTILATION ROUTE THROUGH THE EUSTACHIAN TUBE 
IN THE PIG 
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To examine whether gas exchange occurs in the middle ear air cell system independent of the eustachian tube (ET), we occluded 
the middle ear clefts of piglets, whose tympanic bullae closely resemble the human mastoid air cell system, and investigated subsequent 
changes in the air cell system. We anticipated that pneumatization and development of the air cell system would continue if gas were 
exchanged through the mucosa lining the air cell system. If, on the other hand, mastoid air cells depend on the ET, mastoid development 
would be impaired or arrested. In noninflamed ears, pneumatization was maintained, and development of the air cell system continued 
after the middle ear cleft had been occluded with an acrylate adhesive and the bullar air cell system was thus excluded from any 
communication with the ET. These results indicate that the normal middle ear air cell system has the capacity to perform gas exchange 
independently of the ET, with gas exchange appearing to occur through the submucosal capillary network. 


KEY WORDS — experimental study, histomorphometry, mastoid air cell system, middle ear physiology, middle ear ventilation, 


pig. 
INTRODUCTION 


It has generally been considered that gas in the 
middle ear cavity is continuously absorbed into the 
surrounding tissue, and fresh air is supplied to the 
middle ear cleft and the mastoid air cell system 
through the eustachian tube (ET) to compensate for 
the absorbed gas.1-? However, some reports indicate 
that gasis generated orexchanged through the middle 
ear mucosa,^ and gas exchange in the mastoid air 
cell system is thus regarded as important in middle 
ear ventilation and pressure regulation.? To examine 
whether gas exchange occurs in the middle ear air cell 
system, we occluded the middle ear clefts of piglets. 
The tympanic bullae of pigs closely resemble the 
human mastoid air cell system, and blocking the 
ventilation route from the ET to the air cell system 
would tell us if, in fact, mastoid ventilation is depen- 
dent on the ET. We investigated subsequent changes 
in the air cell system. We felt that if pneumatization 
and development of the air cell system continued 
with the ET permanently obstructed, gas was being 
exchanged and supplied through the mucosa lining 
the bullar air cell system, because resupply through 
the ET was precluded by the obstruction. 


MATERIALS AND METHODS 


Ten piglets (sire, Landrace-Hampshire crossbred; 
dam, Duroc) were used for this experiment. Four 


animals (8 ears) served as the untreated normal con- 
trols, and 6 animals (12 ears) were the experimental 
group. In the 4 animals of the normal control group, 
bilateral tympanic bullae of each animal were re- 
moved 1,3, 4, and 6 months, respectively, after birth. 
The 6 animals of the experimental group were subdi- 
vided into 3 groups of 2 animals each and treated as 
follows. 


Group 1l. In group 1, both tympanic membranes 
were perforated, and pure glycerin was injected into 
the middle ear at age 1 week. Jellied instant adhesive 
(a-cyanoacrylate monomer, Aron Alpha A, Sankyo) 
was injected into the middle ear at age 1 month. The 
mastoid bullae were removed 3 months after injec- 
tion of the acrylate (age 4 months). 


Group 2. In group 2, the bilateral tympanic mem- 
branes were perforated, and adhesive alone was in- 
jected into the middle ears at age 1 month. The bullae 
were removed at age 4 months. 


Group 3.In group 3, only acrylate was injected into 
the middle ear at 3 months. The bullae were not 
removed until 6 months after birth and 3 months after 
injection of the acrylate. 


The reason for instilling glycerin first at 1 week 
and acrylate 3 weeks later in the middle ear clefts of 
piglets in group 1 was to determine if there would be 
a difference between ears with an obstructed and 
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tained in the peripheral cells even after the ventilation 
route to the middle ear cleft had been blocked. His- 
tomorphometric analysis (see Table) shows that the 
area of the air cell systems in group 2 ears (removed 
at 4 months) was greater than that of the control ears 
removed 1 month after birth, and the area of the 
systems in group 3 (removed at 6 months) was greater 
than that of control ears removed 3 months after birth. 
Development of the air cell system in groups 2 and 3 
progressed satisfactorily, although not to the same 
extent as seen in the controls. We therefore concluded 
that osteoclastic activity continues after middle ear 
occlusion. Osteoclast numbers were diminished by 
the inflammation evoked by the adhesive, and there 
were accompanying decreases in pneumatization, 
which were less than that in the controls. 


These findings suggest that development of the 
middle ear air cell system was markedly suppressed 
by prolonged inflammation, secondary to glycerin, 
and that pneumatization of early-formed bullar cells 
could not occur because of stagnation of effusion 
secondary to the inflammation. In noninflamed ears 


(groups 2 and 3), pneumatization and development of 
the air cell system did occur, despite obstruction of 
the ventilation route to the air cells in the middle ear. 


The phenomenon of pneumatization continuing in 
an air cell system with no connection to the ET or the 
middle ear cleft cannot be explained by the classic 
concept of absorption and resupply of air by the ET 
to the air cell system. It is necessary to consider 
another ventilation route apart from the ET and the 
middle ear cleft. Okubo and Watanabe? consider that 
gas is generated in the mastoid air cell system and 
postulate the presence ofa gas exchange route through 
the submucosal capillary network in the mucosa 
lining the air cell system. We noted a capillary net- 
work in the submucosa of the middle ear air cell 
system in the pig, which persists even after middle ear 
occlusion. We therefore consider that under these 
conditions, pneumatization can be maintained and 


development of the air cell system may progress by 


gas exchange passing through the capillary network. 
The results of our experiment indicate that the air cell 
system itself has the capacity to allow gas exchange. 
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Ultrastructural changes were measured in 22 contralateral superior vestibulo-ocular neurons (SVONs) from four cats painlessly 
sacrificed at 8 weeks and 25 contralateral SVONs from four cats sacrificed at 1 year following unilateral labyrinthectomy. The SVONs 
at 8 weeks showed a 43% decrease in somal size, a 34% loss in rough endoplasmic reticulum (RER), a 48% loss of ribosomes, and a 47% 
decrease in the number of synaptic profiles (SPs) contacting the soma. At 1 year the SVONs had a 31% decrease in size, a 43% decrease 
in RER, a 5096 loss of ribosomes, and a 71% decrease in SPs. Synaptic vesicles (SVs) in both groups of SVONs showed no change in 
size or shape compared to control SVs. These findings resemble the contralateral SVON changes that occur following excision of the 


vestibular ganglion. 


KEY WORDS — labyrinthectomy, ultrastructure, vestibulo-ocular neurons. 


INTRODUCTION 


Knowledge of the morphologic changes in brain 
stem neurons following vestibular ablation is impor- 
tant in our understanding of the extent and degree of 
change in the vestibular nuclei following peripheral 
ablation. Such information may guide the direction 
and interpretation of histochemical and molecular 
genetic studies that will be important in understand- 
ing ve plastic changes occurring during compensa- 
tion. !- 


Over the past 10 years we have described quanti- 
tatively the morphologic changes that occur in a 
population of second-order neurons in the superior 
vestibular nucleus (superior vestibulo-ocular neu- 
rons; SVONs) following two forms of peripheral 
ablation: vestibular ganglionectomy and labyrinthec- 
tomy.^? These reports have documented, in addition 
to the expected transneuronal atrophy and loss of 
synaptic profiles (SPs) on the ipsilateral SVON, that 
extensive transneuronal changes ensue in the con- 
tralateral SVON following ganglionectomy.®’ Re- 
cently, we reported transneuronal atrophy and pro- 
gressive loss of SPs on SVONS as well as first-order 
vestibular neurons ipsilaterally following labyrinthec- 
tomy.’ In the present report, the changes in the con- 
tralateral SVON 8 weeks and 1 year following laby- 
rinthectomy are described. Transneuronal SVON 
changes similar to those seen after ganglionectomy 


were found. 


MATERIALS AND METHODS 


Horseradish peroxidase (HRP)-labeled contralat- 
eral SVONs were obtained from four cats painlessly 
sacrificed at 8 weeks, and four cats at 1 year, follow- 
ing labyrinthectomy. Data on the ipsilateral SVONs 
from these animals were described in a previous 
report.? 


The techniques for labyrinthectomy, labeling of 
SVONSs with HRP, and animal fixation have been 
previously described.*5 These reports also contain 
the methods for harvesting, staining, and preparation 
of ultrathin sections of labeled cells for transmission 
electron microscopy. The quantitative morphometric 
techniques used to measure changes in the SVONs 
are the same as those used in earlier studies.* 


RESULTS 


Twenty-two contralateral SVONs from four 8- 
week postlabyrinthectomy cats and 25 contralateral 
SVONSs from four 1-year postlabyrinthectomy cats 
were studied. The Table summarizes the changes in 
somal size, and volume fractions of nucleus and cell 
organelles (mitochondria, Golgi apparatus, rough 
endoplasmic reticulum [RER], ribosomes). The av- 
erage numbers of SPs contacting the somal mem- 
brane were also measured. There was a 43% decrease 
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MORPHOMETRIC COMPARISON OF VESTIBULO- 
OCULAR NEURONS AFTER LABYRINTHECTOMY 


Contralateral 
Control Neurons 
Neurons 8 wk ly 
Mitochondria (96) 12.4 x 3 12.7 +3 12.22 
Nucleus (96) 17.5 4 24.0 + 6 21.97 
Rough endoplasmic 
reticulum (96) 6.53 4.3 x2 3.7 x2 
Golgi apparatus (96) 46tl 4.2 £l 4521 
Polyribosomes (%) 28.4 +7 14.9 x2 14.2 £3 
Area cell (um?) 928 +293 525x143 644 +252 
No. of synaptic 
profiles per grid 16x5 8.524 4.6 x 3 
No. of cells in 
group 26 24 25 


Data are mean x SD, except for last entry. 





in somal size at the 8-week survival period and a 3196 
decrease in size at 1 year following labyrinthectomy. 
The increase in volume fraction of the nucleus was 
only relative because of decreased somal size, which 
is used as the reference volume. Nuclear membrane 
infolding characteristic of transneuronal atrophy was 
Observed in several cells. In others the nuclear mem- 
brane was of normal contour or showed slight undu- 
lations. There were no significant changes in the 
volume fractions of mitochondria or the Golgi appa- 
ratus compared to control cells. However, significant 
decreases were observed in the volume fractions of 
RER and ribosomes of experimental cells. At 8 weeks 
postlabyrinthectomy the RER was decreased 34%, 
while at 1 year the decrease was 43%. Polyribosomes 
were decreased 48% and 50% at the 8-week and 1- 
year survival periods, respectively. Transneuronal 
atrophy remained constant, but there was a progres- 
sive loss of SPs from 8 weeks to 1 year postlaby- 
rinthectomy (47% at 8 weeks and 71% at 1 year; Fig 
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Fig 1. Scatter plot of superior vestibulo-ocular neurons 


shows further degeneration of synaptic profile at 1 year 
compared to 8 weeks postlabyrinthectomy (PL). 


1). Ongoing degeneration of SPs was observed in the 
1-year SVONSs (Fig 2). 


The size and shape of digitized synaptic vesicles 
(SVs) measured in the SPs contacting the SVONSs are 
summarized in Fig 3. There were 10,199 SVs digi- 
tized in the 8- week SVONS, and 6,793 SVs in 1-year 
SVONSs. There was no significant size or shape 
change at either time period compared to control SVs 
(98,000). 


Synaptic membrane specializations were classi- 
fied as symmetric or asymmetric for the SVONs in 
both survival groups. In the 8-week SVONS there 
were 44 synapses classified as asymmetric and 136 
symmetric, which represents a ratio of 0.32. At 1 year 
postlabyrinthectomy, 103 asymmetric and 91 sym- 


Fig 2. Electron micrograph of degenerat- 
ing mitochondria (m) in synaptic profile 
on contralateral SVON 1 year following 
labyrinthectomy (original x25,250). Bar 
— | um. 
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Fig 3. Curves of contralateral (C) synaptic vesicle A) size and B) shape at 8 weeks and 1 year postlabyrinthectomy 
(PL). In B, roundness is represented at left and flatness to right. 


metric synapses were classified, representing a ratio 
of 1.13. 


Excitatory synapses containing Taxi bodies? were 
seen in both groups of SVONs. Seven such synaptic 
arrangements were seen in the 1-year contralateral 
SVONS, while five were observed in the 8-week 
SVONS. Two synapses with Taxi bodies were found 
in a comparable number of ipsilateral SVONs at 1 
year postlabyrinthectomy.® 


DISCUSSION 


While contralateral changes were expected in view 
of our previous data demonstrating contralateral 
SVON changes following vestibular ganglionecto- 
my," the degree was surprisingly high. Eight weeks 
after labyrinthectomy these changes were nearly 
double those found on ipsilateral SVONs in the same 
animals (25% decrease in SPs and 20% decrease in 
somal size). After 1 year the contralateral SVONs 
showed a greater loss of SPs (71%) and size (31%) 
compared to ipsilateral SVONs (SPs 60%; size 21%). 
The magnitude of change is difficult to explain. In 
other studies that have described transneuronal 
changes following interruption of an afferent path- 
way, a 20% decrease appears to be the norm.!? It 
seems unlikely that the loss of a single afferent input 
(commissural) can explain such drastic contralateral 
changes. 


Since no primary vestibular nerve fibers cross the 
midline, an expected contralateral effect would be 
mediated transneuronally over crossing pathways 
such as the commissural or cerebellar pathways.11-13 
Prominent commissural projections connect the su- 
perior and medial vestibular nuclei.1^!5 These are 
primarily inhibitory and restricted to canal activity.11 


Cerebellar contralateral projections to the superior 
nucleus could originate from the caudal cerebellar 
vermis (nodulus, uvula), where primary vestibular 
neurons terminate,16-20 or from the fastigial nucleus, 
which receives an indirect connection from the ves- 
tibular cerebellum.?! 


The vestibular nerve input to SVONS accounts for 
about 70% of the somal SPs, and denervation pro- 
duces a 20% decrease in somal size.*? Therefore, a 
transneuronal degeneration over crossing pathways 
should only account for about 30% of the SPs on 
SVONS and the expected decrease (20%) in somal 
size that follows cessation of a neural input. The 
magnitude of SP loss and cell atrophy at 8 weeks 
(47% and 43%, respectively) and at 1 year (71% and 
31%, respectively) suggests a combined loss of the 
SPs from both sources as responsible for this magni- 
tude of change. 


We have established that the vestibular nerve SPs 
on SVONs contain larger SVs than the SPs of other 
input systems (commissural, cerebellar).>-’ Follow- 
ing acute removal of vestibular nerve SPs (ganglion- 
ectomy), the average size of SVs in intact SPs was 
1,400 nm2. Since the average SV size in controls is 
1,700 nm?, the loss of larger SVs is caused by 
vestibular nerve SP degeneration. If the SP loss on 
contralateral SVONsresulted from degenerating com- 
missural (or cerebellar) pathways, the average SV 
size should be larger than the average of control SVs. 
Instead, there was no significant SV size change 
compared to control. 


We propose that the substantial changes in con- 
tralateralSVONs following ablation result from cross- 
ing systems shutting down, as well as a compensatory 
loss of SPs belonging to the contralateral vestibular 
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nerve. This latter phenomenon was noted at 8 weeks 
and accounts for the progressive degeneration of 
contralateral nerve SPs found at 1 year postablation. 
This matches the number of SPs found on ipsilateral 
SVONS. We referred to this event as a “pruning” of 
the cluster of SPs supplied by single vestibular axons.” 
This explains the reduced number of SPs contacting 
the soma while the number of vestibular ganglion 
cells remains normal.” 


The ratios of asymmetric (excitatory) to symmet- 
ric (inhibitory) synapses in the contralateral SVONs 
were comparable to those found in the contralateral 
SVONS after ganglionectomy. Eight weeks follow- 
ing labyrinthectomy, the ratio was 0.32, while after 
ganglionectomy it was 0.25. Compared to control 
SVONS (0.14), these ratios represent a relative in- 
crease in the number of excitatory synapses. These 
ratios were comparable to the ratio found ipsilaterally 
on SVONs at 8 weeks and 1 year following ganglion- 
ectomy (0.40 and 0.37) and labyrinthectomy (0.31 
and 0.24). However, a marked increase in this ratio 
was seenatthe 1-year period following both ganglion- 


ectomy (1.47) and labyrinthectomy (1.13). It is pos- 
sible that the increased number of asymmetric syn- 
apsesrepresents a mechanism by which the contralat- 
eral vestibular nerve can exert an effective excitatory 
input to the SVONs over a normal number of axons 
acting through a reduced number of SPs. Although 
the data on observed Taxi bodies are insufficient to 
support a conclusion, they do support a concept of 
increased excitatory activity in the contralateral SPs. 
Insufficient information is available at this time to 
explain this observation. 


These studies provide a quantitative measure of 
the morphologic changes that occur in an important 
second-order neuron following these two types of 
ablation procedures. Similar changes in other brain 
stem vestibular neurons are likely. Immunohistochem- 
ical and molecular genetic approaches are needed to 
provide insight into functional changes occurring in 
these neurons. The interpretation of such studies will 
be greatly facilitated with the knowledge of the 
morphologic changes that occur during the compen- 
sation process. 
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STUDY ON ADHESION FACTORS IN LYMPHOCYTE MIGRATION 
TO THE MIDDLE EAR MUCOSA 


JUNICHI BUNDO, MD : NORITAKE WATANABE, MD 
KAZUHIDE YOSHIDA, MD GORO MOGI, MD 


OITA, JAPAN 


We investigated influences of adhesion factors on the migration of antigen-specific IgA-forming cells (ASAFCs) to the middle ear 
mucosa by means of an in vitro lymphocyte binding assay. Peyer’s patch (PP) lymphocytes from guinea pigs with mucosal immunization, 
which are rich in ASAFCS, more frequently bound with the inflamed middle ear mucosa than those of PP and spleen cells from animals 
with systemic immunization, in which antigen-specific IgG-forming cells (ASGFCs) were induced (p > .001). The bindings were not 
affected by antigenic and nonantigenic stimuli to the middle ear mucosa for producing otitis media. On human middle ear mucosa from 
10 patients with acute mastoiditis and chronic otitis media, endothelial cells of newly grown vessels were stained strongly with 
intercellular adhesion molecule (ICAM)-1, and weakly with vascular cell adhesion molecule (VCAM)-1, platelet endothelial cell 
adhesion molecule (PECAM), and endothelial leukocyte adhesion molecule (ELAM)-1. Many lymphocytes bound mainly to these 
endothelial cells, and a few cells were observed bound to the basal portion of epithelial cells. The binding of lymphocytes was 
significantly, but not completely, inhibited by anti-ICAM-1 antibody (p < .001). These findings suggest that PP lymphocytes with 
activated mucosal immunity more frequently migrate to the inflamed middle ear mucosa, and that those migrations, after extravasation, 
may be regulated by the interaction between various binding factors and their receptors on lymphocytes, which is different from that of 
adhesion molecules and their ligands in the extravasation. 


KEY WORDS — adhesion molecules, antigen-specific IgA-forming cells, lymphocyte migration, middle ear mucosa. 


INTRODUCTION to be the first step in lymphocyte migration. Through 
Afsrenhancementaftheasmaeosat immunity, an- this binding, those cells may extravasate from the 
tigen-specific IgA-forming cells (ASAFCs) appear bloodstream into local sites. These processes can 
in the inflamed mucosa of the middle ear cavity and account for the extravasation, but not for the cells 
eustachian tube.! These IgA-forming cells are de- local lodging and retention at local sites. 
rived from mucosa-associated lymphoid tissues Recently, it has been reported that a receptor- 
(MALTS) such as gut-associated lymphoid tissue ligand interaction between lymphocytes and glandu- 
(GALT) and bronchus-associated lymphoid tissue lar tissues, which is different from a lymphocyte- 
(BALT).? Those precursors of IgA plasma cells are HEV interaction, mediates the localization of IgA 
generated in germinal centers of those lymphoid lymphocytes in the exocrine glands.?:10 Our previous 
tissues in which heavy chain class switching to a- study also suggested the presence of organ-specific 
chain occurs in the cells.? The precursors enter into binding factors to which B lymphocytes bind specifi- 
the blood circulation via the draining lymphatics and cally, in the inflamed middle ear mucosa, as well as 
thoracic lymphatic duct and maturate to IgA-forming in the salivary gland.!! However, it is not clear 
cells in effector sites after systemic circulation. They whether or not those binding factors and adhesion 
are thought to migrate into various local sites of the molecules are present on the middle ear mucosa and 
mucosae and exocrine glands via the systemic circu- participate in lymphocyte migration. In orderto clarify 
lation. However, this migration mechanism and the the mechanism of migration of ASAFCs to the middle 
antigenic effects of the migration are still unclear. ear mucosa, we investigated the influences of anti- 
Several studies+® have demonstrated that various genic and nonantigenic stimuli to the middle ear 
adhesion molecules, to whichlymphocytesarebound,. ^ mucosa on lymphocyte migration and the distribu- 
are present on the surface of vascular endothelial tion of various adhesion molecules on the middle ear 
cells. This suggests that the interaction between those mucosa. 
adhesion molecules on the endothelial cells and their 
ligands on lymphocytes may play an importantrolein MATERIALS AND METHODS 
lymphocyte migration to the local sites. The binding Animals, Healthy male Hartley guinea pigs (age, 4 


of lymphocytes to endothelial cells lining the post- to 6 weeks old; body weight, 300 to 400 g) were used 
capillary high endothelial venules (HEVs) is thought in this experiment. 
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Preparation of Antigen. Dinitrophenylated ovalbu- 
min (DNP-OVA) was prepared as an antigen and 
conjugated with formalin-killed Streptococcus mutans 
strain 6715 as a particulate form of DNP-OVA anti- 
gen, as previously reported.! 


Antisera, Rabbit antisera against guinea pig a- and 
y-chains (ICN Immunobiologicals, Lisle, Ill) and 
goat antisera against rabbit IgG conjugated with 
horseradish peroxidase and alkaline phosphatase 
(Cappel, Novern, Pa) were purchased from commer- 
cial sources. Mouse monoclonal antibodies against 
human adhesion molecules, such as intercellular ad- 
hesion molecule (ICAM)-1, vascular cell adhesion 
molecule (VCAM)-1, platelet endothelial adhesion 
molecule (PECAM), and endothelial leukocyte ad- 
hesion molecule (ELAM)-1, were also obtained from 
commercial sources (British Biotechnology, Oxford, 
England). 


Induction of Antigen-Specific Antibody-Forming 
Cells of IgA and IgG Classes. Forty guinea pigs were 
immunized with DNP-OVA for the induction of 
antigen-specific antibody-forming cells of IgA and 
IgG classes (ASAFCs and ASGFCs) according to the 
immunization strategy previously described.! Briefly, 
1 week after systemic priming, an intraduodenal 
immunization with the particulate antigen of DNP- 
OVA was given to half of the 40 animals for inducing 
ASAFCs, and a systemic booster with DNP-OVA 
was given to the other half for ASGFCs. Two weeks 
after priming, saliva and sera were collected, and 
antibody titers of IgA and IgG classes against DNP- 
OVA were determined in those samples by the indi- 
rect technique of enzyme-linked immunosorbent as- 
say (ELISA) previously described.! In 14 of 20 
animals with mucosal immunization, IgA antibody 
üters in saliva were elevated to more than 2^, and 
serum IgG antibody titers reached more than 2° in 16 
of 20 animals with the systemic booster. In this study, 
those animals with high titers of IgA and IgG antibod- 
les were used for activated mucosal immunity (AMI) 
and activated systemic immunity (ASI). From those 
animals with AMI and ASI, Peyer's patches (PPs) 
and spleens were obtained as sources of ASAFCs and 
ASGFCs, respectively. ASAFCs and ASGFCs in 
those lymphoid tissues were detected by the method 
of a solid phase ELISA plaque-forming assay, as 
previously described.! The ASAFCs were 78 + 11 
cells per 1 x 10? cells in PPs from animals with AMI, 
and ASGFCS were 129 + 17 cells per 1 x 105 cells in 
spleen from animals with ASI. The ASAFCs were 
56.5% of IgA-cell fraction in PPs from animals with 
AMI, and the ASGFCs were 62.3% of IgG-cell 
fraction in the spleen from animals with ASI. 


Preparation of Lymphocytes. As sources of au- 


tologous lymphocytes, PPs and spleen were obtained 
from animals with AMI or ASI, and lymphocytes 
were separated by gradient centrifugation. T and B 
lymphocytes were fractionated by a nylon wool col- 
umn,!? and fractions rich in IgA and IgG cells were 
prepared by treatments with rabbit anti guinea pig 
IgG and IgA antibodies, according to the method of 
Bianco et al.!? The vital staining of lymphocytes with 
tetramethyl rhodamine-5-isocyanate (TRITC) was 
performed according to the technique of Butcher et 
al.'4 Finally, the stained cells were resuspended at a 
concentration of 2 to 3 x 108 cells per milliliter in 
RPMI 1640 medium supplemented with 596 fetal calf 
serum. 


Antigenic and Nonantigenic Stimulation of Middle 
Ear Mucosa. For antigenic stimulation, 100 ug of 
DNP-OVA in 100 uL of saline and, for nonantigenic 
stimulation, 1 x 108 Pneumococci biotype III sus- 
pended in 100 uL of saline were inoculated into the 
right tympanic cavity through the tympanic mem- 
brane for inducing antigenic and nonantigenic in- 
flammation of the middle ear mucosa. Half of the 
animals in each group with AMI or ASI had an 
intratympanic inoculation with DNP-OVA. In the 
other half of the animals with AMI or ASI, pneumo- 
coccal otitis media was induced. The left tympanic 
cavity, as a control ear, was injected with 100 uL of 
saline. Two days after intratympanic inoculation, the 
middle ear mucosa and various mucosal tissues in- 
cluding the nose, pharynx, and trachea, plus the small 
intestine and salivary glands, were obtained for in 
vitro lymphocyte binding assay. 


Binding Assay of Lymphocytes to Various Muco- 
sae and Salivary Glands. Various tissue samples, 
such as middle ear, nasal, pharyngeal, tracheal, and 
small intestinal mucosae, plus salivary glands, were 
obtained from animals with AMI or ASI. The middle 
ear mucosae were obtained from the distal portion of 
the tympanic bulla, and nasal mucosae were taken 
from turbinates. Fresh tissue samples were immedi- 
ately frozen in liquid nitrogen, and serial 10-um- 
thick frozen sections were prepared. Autologous lym- 
phocytes from PPs and spleen were applied to each 
tissue section for a lymphocyte binding assay. One 
hundred microliters of vital stained autologous lym- 
phocyte suspension at a concentration of 2 to 3 x 108 
cell per milliliter was added to each tissue section and 
incubated for 30 minutes at room temperature. After 
fixation in 1% glutaraldehyde solution, excessive 
lymphocytes on the section were washed off with 
0.01 mol/L phosphate-buffered saline at pH 7.4, and 
tissue sections were stained by methyl green. Binding 
lymphocytes on 20 sections of various mucosae were 
observed under a 400x magnified microscope, and 
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Fig 1. Mean numbers of lymphocytes binding to | 
various mucosae and salivary glands. PP — so- 
Peyer's patch, AMI — activated mucosal im- 
munity, ASI — activated systemic immunity. 
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binding lymphocytes per field 400x magnified were 
quantified by an image processor (Nexus 600). Vari- 
ous lymphocyte fractions, such as T cell, B cell, IgA, 
and IgG cell fractions, were applied to tissue sections, 
and binding lymphocytes of those fractions were 
quantitatively analyzed to evaluate the binding activ- 
ity of each fraction. 


Distribution of Various Adhesion Molecules in 
Human Middle Ear Mucosa. Human middle ear mu- 
cosae were obtained from five patients with chronic 
otitis media and from five patients with acute mas- 
toiditis, and fresh mucosal tissues were taken from 
the antrum and epitympanum during surgery. Serial 
10-um-thick frozen sections of each sample were 
stained with various monoclonal antibodies against 
human adhesion molecules, such as ICAM-1, VCAM- 
1, PECAM, and ELAM-1. For immunohistochemi- 
cal staining, the avidin-biotin complex technique was 
employed.!5 


Influences of Various Human Adhesion Molecules 
on Lymphocyte Binding to Human Middle Ear Mu- 
cosa. In order to investigate influences of various 
human adhesion molecules on lymphocyte migration 
to the middle ear mucosa, tissue sections of human 
middle ear mucosa were pretreated by monoclonal 
antibodies against various human adhesion molecules, 
such as ICAM-1, VCAM-1, PECAM, and ELAM-1. 
Tissue sections were incubated with each antiserum 
against adhesion molecules at 37?C for 30 minutes. 
After incubation, those sections were washed three 
times with phosphate-buffered saline. Autologous 
lymphocytes were prepared from peripheral blood 
from the same patient and stained with TRITC ac- 
cording to the technique of Butcher et al.!4 Vital 
stained autologous lymphocytes were applied to se- 
rial sections. The blocking effects of anti-adhesion 
molecule antisera on the lymphocyte binding were 
estimated by quantitative analysis of binding cells 


with a Nexus 600 image processor, as mentioned 
above. 


Statistical Analysis. For statistical analyses, Stu- 
dent's t-test was employed in this study. 


RESULTS 


Lymphocyte Binding to Various Mucosae and Sali- 
vary Glands. Figure 1 illustrates the mean numbers of 
lymphocytes bound to various mucosae and salivary 
glands. Lymphocytes bound to 20 sections of various 
tissues were counted at 400x magnification with an 
image processor. Although lymphocytes of PPs and 
spleen from animals with AMI or ASI were hardly 
observed binding with mucosae of the control ear and 
trachea, those cells bound with mucosae of the in- 
flamed middle ear, nose, and small intestine, plus 
salivary gland. Many PP lymphocytes from animals 
with AMI, which were rich in ASAFCs, bound with 
the inflamed middle ear mucosa, nasal and small 
intestinal mucosae, and salivary glands. The mean 
numbers of these binding cells were significantly 
greater than those of animals with ASI in which 
ASGFCS were induced in the spleen (p « .001). Also, 
PP lymphocytes from animals with AMI bound with 
the inflamed middle ear mucosa and small intestine 
were significantly greater than those of spleen cells 
from those animals (p « .001). However, mean values 
of PP and spleen lymphocytes bound with the naso- 
pharyngeal mucosa and trachea were not signifi- 
cantly different between the animals with AMI and 
those with ASI (p > .001). 


Influences of Activated Mucosal Immunity on Lym- 
phocyte Binding to Inflamed Middle Ear Mucosa. 
Table 1 summarizes the mean numbers of PP and 
spleen lymphocytes from animals with AMI or ASI 
bound with middle ear mucosae inflamed with anti- 
genic and nonantigenic stimuli. Regardless of anti- 
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TABLE 1. MEAN NUMBERS OF BINDING 
LYMPHOCYTES OF PEYER’S PATCHES AND 
SPLEEN FROM ANIMALS WITH AMI OR ASI 

TO INFLAMED MIDDLE EAR MUCOSA 


Inflamed Middle Ear Mucosa 


Antigenic Nonantigenic 
Stimulation Stimulation 
Source (n = 20) (n = 20) 
Peyer’s With AMI 139 x 313 123 x 19* 
patches With ASI 85 + 13> 83 + 23f 
Spleen With AMI 60 + 14° 62 + 208 
With ASI 57 + 134 52 + 14h 


a» b, c, and d (p < .001); e > f, g, and h (p < .001). 


AMI —— activated mucosal immunity, ASI — activated systemic 
immunity. 


genic and nonantigenic stimuli to the middle ear 
mucosa, the mean numbers of binding PP lympho- 
cytes from animals with AMI or ASI were signifi- 
cantly greater than those of spleen lymphocytes from 
those animals (p « .001). Furthermore, the number of 
binding cells of PPs from animals with AMI was 
significantly greater than that of PPs from animals 
with ASI (p < .001), while the binding of spleen cells 
was not statistically different between animals with 
AMI or ASI (p » .001). 


Binding of Various Lymphocyte Fractions From 
Animals With Mucosal Immunity to Inflamed Middle 
Ear Mucosa. Table 2 summarizes the mean numbers 
of binding cells of various lymphocyte fractions from 
PPs and spleen with AMI to the middle ear mucosa. 
The mean value of the IgG cell fraction from PP was 
significantly smaller than those of whole cell, B cell, 
and IgA cell fractions (p < .001), while there were not 
significant differences of the binding cell numbers 
among whole cell, B cell, and IgA cell fractions of 
PPs (p » .001). 


Histologic Distribution of Binding Lymphocytes to 
Various Mucosae and Salivary Glands. Many lym- 


phocytes of PPs from animals with AMI were ob- 
served bound with endothelial cells of newly grown 
vessels in the inflamed middle ear mucosa (Fig 2A). 
Lymphocytes of both PPs and spleen from animals 
with AMIor ASIbound mainly to endothelial cells of 
vessels on the respiratory and intestinal mucosae. A 
few lymphocytes were observed bound to the basal 
lamina of the epithelial and acinar cells on the respi- 
ratory and intestinal mucosae (Fig 2B,C). On the 
salivary gland, those cells bound to the basal portion 
of the acinar and ductal cells (Fig 2D). However, few 
lymphocytes were observed bound to the submucosal 
connective tissue of various mucosae and interglan- 
dular connective tissue of the salivary gland. Lym- 
phocytes of PPs from animals with AMI tended to 
bind to the respiratory mucosae more than spleen 
Iymphocytes from those animals or lymphocytes of 
PPs and spleen from animals with ASI. 


Distribution of Various Adhesion Molecules on 
Human Middle Ear Mucosa. In the inflamed middle 
ear mucosa, newly grown vessels were frequently 
found, and their endothelial cells were bound to both 
T and B lymphocytes of peripheral blood. Those 
endothelial cells were strongly stained by anti-CICAM- 
1 antibody (Fig 3A), but the staining of those cells by 
anti-VCAM-1 (Fig 3B), anti -CELAM-1 (Fig 3C), and 
anti-PECAM antibodies (Fig 3D) was weaker than 
that of anti-ICAM-1 antibody. The basal portion and 
basal lamina of the epithelium and fibroblastlike cells 
with a large nucleus, as well as vascular endothelial 
cells (Fig 4A), were also stained by anti-ICAM-1 
(Fig 4B) and anti-PECAM antisera. A few lympho- 
cytes were also observed bound with those cells. 


Influences of Anti-Human Adhesion Molecule An- 
tibodies on Lymphocyte Binding. Table 3 summa- 
rizes mean numbers of binding lymphocytes to hu- 
man middle ear mucosa after treatments with various 
anti-human adhesion molecule antibodies. When 


TABLE 2. BINDING OF VARIOUS LYMPHOCYTE FRACTIONS OF PEYER’S PATCHES AND SPLEEN 
FROM ANIMALS WITH ACTIVATED MUCOSAL IMMUNITY TO INFLAMED MIDDLE EAR MUCOSA 


Source Lymphocyte Fraction 
Whole fraction 
B cell fraction 
IgA cell fraction 
IgG cell fraction 
Spleen Whole fraction 

B cell fraction 

IgA cell fraction 

IgG cell fraction 


Peyer’s patches 


Inflamed Middle Ear Mucosa 


Antigenic Stimulation Nonantigenic Stimulation 

(n = 20) (n = 20) 

100 + 234! 100 + 162 
87 + 1051 93 + 13>2 
86 + 17°! 87 + 2272 
15+ 741 37 x 132 

100 x 29e! 100 + 262? 
93 + 14fl 92 + 152 
88 x 202! 88 + 2182 
78 x 15h! 83 22322 


Data are percentages: (Binding cells of various fractions)/(Mean number of binding cells of whole fraction) x 100. 


di and d2 < a1, a2, b1, b2, cl, and c2 (p < .001). 


Bundo et al, Adhesion Factors in Lymphocyte Migration 799 


Fig 2. Binding lymphocytes of PPs 
from animals with AMI to various 
mucosae (original x400). A) Many 
lymphocytes of PPs from animals 
with AMIare observed bound with 
endothelial cells of newly grown 
vessels in inflamed middle ear 
mucosa. B) Many lymphocytes of 
PPs from animals with AMI are 
found to bind with basal portion of 
pseudostratified ciliated epithelial 
cells of nasal mucosa. C) Many 
lymphocytes are observed bound 
to basal lamina of epithelial and 
acinar cells of intestinal muco- 
sae. D) Lymphocytes of PPs from 
animals with AMI are scattered 
around acinar cells of nasal mu- 
cosa. 


anti-ICAM-1 antibody was applied to tissue sec- 
tions, binding cells were significantly decreased com- 
pared to those sections treated with anti-VCAM-1, 
anti-PECAM, and anti-ELAM-1 antibodies and those 
without antibody treatment (p < .001). However, 
there were not significant differences of binding cell 
numbers among tissue sections treated with anti- 
VCAM-1, anti-PECAM, and anti-ELAM- 1 antibod- 
ies and without antibody treatment (p » .001). 


DISCUSSION 


Although many lymphocytes of PPs from animals 
with AMI bound with the inflamed middle ear mu- 
cosa, those cells were hardly observed to bind with 
middle ear mucosae of the control ear without inflam- 
mation. This finding corresponds with our previous 
results.!!,!6.17 The middle ear cavity is usually sepa- 
rated from antigenic environments, and antigenic 
substances can enter into the middle ear cleft when 
the eustachian tube is opening. So, immune-compe- 
tent cells are hardly found in the normal middle ear 
mucosa, but many IgA-forming cells appear in the 
inflamed middle ear mucosa. Therefore, the middle 
ear mucosa may be an effector site of the mucosal 
immunity, when the mucosa is stimulated by anti- 
genic and inflammatory substances. 





The influence of antigenic stimulation on the mi- 
gration of ASAFCs is controversial. Husband!? dem- 
onstrated that the extravasation of antigen-specific 
IgA-containing cells into the gut lamina propria was 
antigen-independent, while these cells only persisted 
in the mucosal site if the antigen was administered on 
the mucosal surface. However, our previous study!” 
has demonstrated that at the early stage of inflamma- 
tion, circulating lymphocytes migrate nonspecifically 
to the inflamed middle ear mucosa by the inflamma- 
tory reaction by which the antigen-specific cell mi- 
gration may be masked. As shown in the present 
study, the binding of PP lymphocytes from animals 
with AMI or ASI to the inflamed middle ear mucosa 
was significantly greater than that of spleen cells 
from those animals, and this binding was not affected 
by antigenic and nonantigenic stimuli to the middle 
ear mucosa. This finding is consistent with our previ- 
ous results!” and those of Ryan et al.!9 Therefore, the 
influence of antigen on lymphocyte migration to the 
inflamed middle ear mucosa may be smaller than that 
of the inflammation, even if it exists. 


Other studies have suggested that the interactions 
between various adhesion molecules on vascular 
endothelial cells, and their ligands on lymphocytes, 
may play an important role in migration from the 


800 Bundo et al, Adhesion Factors in Lymphocyte Migration 


ap ey 








Fig 3. Serial frozen sections from human middle ear mucosa were stained with various monoclonal antibodies 
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against human adhesion molecules by avidin-biotin complex technique (original x400). In inflamed middle ear 


mucosa, newly grown vessels were strongly stained with anti-ICAM- 1 antibody (A). Staining of those cells by 
anti- VCAM-1 (B), anti-ELAM- 1 (C), and anti-PECAM- 1 (D) antibodies was weaker than that by anti-ICAM- 


1 antibody. 


systemic circulation to the local sites.* At the initial 
stage of cell migration, cells are thought to adhere to 
endothelial cells and travel with those cells along the 
blood flow. The selectin family, including leuko- 
cyte—endothelial cell adhesion molecule (LECAM)- 
1 on lymphocytes and endothelial-leukocyte adhe- 
sion molecule (ELAM)-1 on endothelial cells, bind 
with sialic acid and saccharide chains on the cell 
surface. These bindings are thought to participate in 
the rolling process.*%2! Cells rolling on endothelial 
cells may more firmly adhere to endothelial cells 
by interaction between various adhesion molecules 
on endothelial cells, such as ICAM-1, VCAM-1, 
PECAM, and ELAM-1 and their ligands on lympho- 
cytes. They then extravasate into the extravascular 
space of local sites from the luminar space of blood 


vessels.*2 In the inflammatory reaction, those adhe- 
sion molecules are expressed on endothelial cells and 
other cells by inflammatory cytokines, such as inter- 
leukin-18, tumor necrosis factor a, and interferon- 
y. As demonstrated in the present study, ICAM-1, 
VCAM-1, PECAM, and ELAM-1 are present on 
endothelial cells of newly grown vessels in the in- 
flamed human middle ear mucosa. Also, anti-ICAM- 
1 antibody significantly suppressed lymphocyte bind- 
ing to the inflamed middle ear mucosa. These find- 
ings indicate that various adhesion molecules are 
expressed on vascular endothelial cells in the in- 
flamed middle ear mucosa and that ICAM-1 may 
play an important role in lymphocyte extravasation 
from the systemic circulation to the inflamed middle 
ear mucosa. 
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Fig 4. Serial sections of human middle 
ear mucosa stained with A) hematoxylin 
and eosin and B) anti-ICAM-1 antiserum 
(original x400). Basal portion of epithe- 
lium and fibroblastlike cells (arrow) with 
large nucleus (A) are also stained by anti- 
ICAM-1 (B). 


The interaction between adhesion molecules on 
endothelial cells and their receptors on lymphocytes 
may account for the extravasation of lymphocytes 
from the systemic circulation to the mucosal sites, but 
not for their retention and lodging in the local sites. 
O'Sullivan and Montgomery? suggested the pres- 
ence of organ-specific adhesion factors on the lacri- 
mal gland, and we also reported similar results on the 
inflamed middle ear mucosa.!! In the present study, 
PP lymphocytes more frequently bound with the 
inflamed middle ear mucosa than did those of spleen 
cells. Some lymphocytes were observed bound to 
tissue components such as acinar cells and basement 
lamina, different from vascular endothelial cells, on 
the various mucosae and salivary glands. Further- 
more, although anti-ICAM-1 antibody significantly 
suppressed PP cell binding with the inflamed middle 
ear mucosa, antibodies against various adhesion mole- 
cules could not completely inhibit that binding. These 
findings suggest that organ-specific adhesion factors 
different from endothelial adhesion molecules are 
present in the inflamed middle ear mucosa and play 
an important role in retention and lodging at the local 
site. 


As shown in the present study, PP lymphocytes 





from animals activated by mucosal immunization 
more frequently bound with the inflamed mucosa, 
while this binding was not affected by antigenic or 
nonantigenic stimuli to the middle ear mucosa. Mu- 
cosal immunity is activated by mucosal immuniza- 
tion of a particulate antigen, and PP lymphocytes 
from animals with AMI are rich in ASAFCs, as 
previously reported.! These findings indicate that 
ASAFCs more frequently bind with inflamed middle 
ear mucosa than nonactivated PP cells and ASGFCs 
in spleen from animals with ASI. Thus, after en- 
hancement of the mucosal immunity, ASAFCs are 
induced in PP, and those activated cells frequently 
migrate to the inflamed middle ear mucosa through 
the systemic circulation, regardless of antigenic and 
nonantigenic stimuli to the mucosa. In this migration, 
the activation of PP lymphocytes seems to be more 
important than other factors such as antigenic stimu- 
lation to the local site. Antigenic and nonantigenic 
stimuli induce an inflammation on the middle ear 
mucosa and activate new expressions of various 
adhesion molecules on endothelial cells of newly 
grown vessels in inflamed mucosa.“ On the other 
hand, the activation of mucosal immunity activates 
IgA precursors and induces their differentiation. The 
stimulation of IgA cell activation, including anti- 


TABLE 3. MEAN NUMBERS OF LYMPHOCYTES BINDING TO HUMAN MIDDLE EAR MUCOSA AFTER 
TREATMENTS WITH VARIOUS ANTI-HUMAN ADHESION MOLECULE ANTIBODIES 


Antibody Treatment 


Anti~ 
Lymphocyte Fraction ICAM-1 
Whole fraction (n = 10) 19 x 6? 
B cell fraction (n = 10) 48 x 9f 


a <b, c, d, e, and f (p < .005); f < g, h, i, and j (p < .005). 


Anti- 
VCAM-1 


75 x 13> 
66 x 148 


ei erm DO 


Anti- Anti~ 
PECAM ELAM-1 Control 
60 x 16* 70 x 192 76 x 24° 
72 x 10^ 68 x 11! 70 x 14) 
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genic stimuli, may also induce a new expression of 
receptors and ligands on cell surfaces.25:26 Those 
newly expressed receptors on IgA cells could be one 
of the more important factors in the lymphocyte 
migration. 


Murakami et al?” demonstrated that B cells acti- 
vated by interleukin-5 bound strongly to ahyaluronate- 
coated surface, and that this binding was specifically 
inhibited by anti-Pgp-1 (CD44) antibody. Pgp-1 
(CD44) is known to be an 80 to 95 kd cytoskeleton- 
associated cell surface glycoprotein on hemopoietic 
cells, myeloid cells, lymphocytes, and nonhemato- 
lymphoid cells.78:29 Hyaluronate is widely distrib- 
uted in extracellular matrices. In the inflammatory 
site, antigen-stimulated helper-T cells secrete inter- 
leukin-5. Interleukin-5 activates B cells to express 
Pgp-1 (CD44) on their surfaces, and activated B cells 
bind to hyaluronate on cell surfaces and extracellular 
matrices. Furthermore, Dang and Rock?) also re- 
ported that the stimulation of surface immunoglobu- 
lin receptors on B cells with anti-IgM antibodies 
results in a marked increase of adhesion molecule 
expression on their cell surfaces, including leukocyte 
function-associated antigen 1 and ICAM-1. These 
findings are consistent with our results, in which 
activated PP lymphocytes more frequently bound 
with the inflamed mucosa. The activation of B cells 


with antigen results in increased and/or new expres- 
sion of binding factors on their surfaces, including 
adhesion molecules and other adhesion factors, and 
those binding factors may contribute to the local 
lodging and retention in the inflammatory site after 
extravasation. 


In conclusion, PP lymphocytes from animals with 
activated mucosal immunity more frequently mi- 
grate to the inflamed middle ear mucosa. This find- 
ing indicates that the activation of PP lymphocytes 
results in new and/or increased expression of some 
receptors on those cells. Those receptors expressed 
on activated cells may bind with organ-specific bind- 
ing factors on the inflamed mucosa, different from 
adhesion molecules on vascular endothelial cells, 
and through this binding, play animportantrole in the 
local lodging and retention of B cells in local sites 
after extravasation. Of course, immunochemical and 
immunohistochemical studies are necessary to de- 
scribe the immunologic and immunochemical fea- 
tures of those organ-specific binding factors on the 
inflamed mucosa and their receptors on activated PP 
lymphocytes. In regard to lymphocyte migration, we 
should consider not only the expression of various 
adhesion molecules on vascular endothelial cells, but 
also the activation of B cells for new and/or increased 
expression of binding receptors on their surfaces. 
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BASEMENT MEMBRANE IN MIDDLE EAR CHOLESTEATOMA 
IMMUNOHISTOCHEMICAL AND ULTRASTRUCTURAL OBSERVATIONS 
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We investigated the distribution of basement membrane zone (BMZ) components collagen type IV, collagen type VII, and 
fibronectin in human middle ear cholesteatoma, auditory meatal skin, and middle ear mucosa using both immunohistochemical and 
ultrastructural methods. Collagen type IV immunoreactivity of skin and middle ear mucosa is continuous in the BMZ, whereas 
cholesteatoma frequently showed absent immunoreactivity or focal discontinuities. Collagen type VII immunoreactivity is detected 
similarly within the BMZ of cholesteatoma and skin. Fibronectin immunoreactivity is observed within the dermoepithelial junction of 
skin and middle ear mucosa. In cholesteatoma, however, fibronectin immunoreactivity is markedly increased within the extrinsic BMZ 
and the subepithelial connective tissue. The ultrastructural arrangement of the BMZ of cholesteatoma is like that of skin; however, it 
exhibits distinct alterations of the lamina fibroreticularis and lamina densa. Our results outline cholesteatoma as a disease with disturbed 
cell matrix interactions analogous to those of wound reepithelialization. 


KEY WORDS —- basement membrane, cholesteatoma, collagen type IV, collagen type VII, electron microscopy, fibronectin, 


immunohistochemistry, LH7.2. 


INTRODUCTION 


By light microscopy the basement membrane zone 
appears as a well-defined, thin, glycoprotein-rich 
layer immediately below the epithelium. The base- 
ment membrane zone is a ubiquitous extracellular 
structure that anchors the squamous epithelium to the 
subepithelial connective tissues but simultaneously 
separates these two layers.! Its complex structure is 
important for the modulation of epithelial expansion 
and the maintenance of cutaneous function.^ As a 
highly heterogeneous network formed by collagens 
and elastin, its components are embedded in a viscous 
ground substance composed of proteoglycans, gly- 
coproteins, collagens, and noncollagenous adhesion 
molecules like laminin and fibronectin. 


Collagen type IV is a major component of the 
basement membrane in the dermal-epidermal junc- 
tion.? It is a nonfibrillar collagen with a molecular 
weight of 550,000 to 600,000 d and constitutes the 
structural scaffolding of specialized sheets of extra- 
cellular matrix.Ó Increased attention has been focused 
on the role of collagen type IV as a stabilizing protein 
of extracellular matrix in the process of tumor inva- 
sion and metastasis.” 


Type VII collagen is a recently characterized col- 
lagen that appears to be the major component of the 
anchoring fibril in the sub-lamina densa zone occur- 
ring as an antiparallel dimer.? This long-chain 510,000 
d collagen molecule forms parallel lateral align- 
ments, and the overlapping of the amino termini 
produces end-on-end dimers.!? Leigh et al!! pro- 
duced a monoclonal antibody, LH7 2, that reacts with 
the carboxy terminus of type VII collagen. 


Fibronectin, a noncollagenous glycoprotein of 
about 440,000 d molecular weight, is found as an 
insoluble multimer in cells and as a soluble dimer in 
plasma.!* Fibronectin plays an important role in 
wound healing: it promotes the spreading of platelets 
at the site of injury; the adhesion and migration of 
neutrophils, monocytes, fibroblasts, and endothelial 
cells into the wound region; and the migration of 
epidermal cells through the granulation tissue.l? At 
the level of matrix synthesis, fibronectin appears to 
be involved in both the organization of the granula- 
tion tissue and the assembly of the basement mem- 
brane.14 


The purpose of the present investigation on middle 
ear cholesteatoma was to examine the occurrence, 
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distribution, and arrangement of intrinsic and extrin- 
sic basement membrane components by means of 


immunohistochemical methods and electron micros- . 


copy. We focused on the basement membrane zone in 
order to delineate its possible role in the pathogenesis 
of cholesteatoma and tried to elucidate the modified 


keratinocyte behavior observed in this disease.15.16 - 


MATERIAL AND METHODS 


Specimens were obtained from patients requiring 
middle ear surgery. Thirty cholesteatomas, 7 samples 
of normal auditory canal wall skin, and 5 samples of 
normal middle ear mucosa were analyzed with re- 
spect to expression of extracellular matrix compo- 
nents. Some samples was embedded in Tissue Tek 
(Miles, Elkhart, Ind) and rapidly frozen in liquid 
nitrogen. Cryosections of 4 um were cut at —20°C, 
mounted on poly-L-lysine-coated slides, and pre- 
pared for the alkaline phosphatase-anti-alkaline phos- 
phatase (APAAP) immunostaining procedure. Other 
samples were fixed in formalin, embedded in paraf- 
fin, sectioned at 4 um, and labeled by the avidin- 
biotin complex (ABC) method. All specimens were 
examined histopathologically with routine hema- 
toxylin and eosin staining. Sections from 6 choleste- 
atomas were prepared for ultrastructural investiga- 
tions by transmission electron microscopy. 


Antibodies. The following polyclonal and mono- 
clonal antibodies were used: 


1. Affinity-purified polyclonal mouse anti human 
antibody against collagen type IV (Dianova, Ham- 
burg, Germany) at a dilution of 1:40. 


2. Anti-human type VII collagen monoclonal anti- 
body, undiluted (gift of Dr I. M. Leigh, Experi- 
mental Dermatology Research Laboratory, Lon- 
don Hospital, London, England). 


3. Mouse monoclonal antibody (Bóhringer-Mann- 
heim, Mannheim, Germany) directed against the 
fibronectin cell-binding fragment (FCBF) at a 
dilution of 1:5. 


Avidin-Biotin Complex Method. Immunohisto- 
chemical staining was performed by using the ABC 
technique (Vectastain, Camon Laboratories, Wies- 
baden, Germany) according to the method described 
by Hsu et al.!7 Serial 4-um paraffin sections were 
placed on poly-L-lysine-coated slides (10% poly-L- 
lysine; Sigma, Deisenhofen, Germany), deparaffin- 
ized, hydrated, and dried overnight at 37?C. Polyclonal 
antibody against collagen type IV was diluted with 
phosphate-buffered saline (PBS, pH 7.4) containing 
0.1% bovine serum albumin. Endogenous peroxi- 
dase activity was eliminated with 396 hydrogen per- 
oxide at room temperature for 10 minutes and non- 


specific protein binding by incubation with 10% 
normal goat serum at 20°C for 20 minutes. After 
washing with PBS, the sections were incubated for 30 
minutes with a secondary biotinylated rabbit anti 
mouse IgG antibody, diluted 1:200 (Vectastain-Kit, 
Camon Laboratories), followed by incubation with a 
complex of avidin and biotinylated peroxidase over 
30 minutes at room temperature and development 
with 3-amino-9-ethylcarbazole (Sigma), yielding a 
red precipitate. Sections were counterstained with 
Mayer’ s hematoxylin, dehydrated, and mounted with 
synthetic mounting medium. Preimmune sera and the 
omission of the primary antibody were used as nega- 
tive controls. Immunohistochemical demonstration 
of collagen type IV in endothelial basement mem- 
brane served as a positive internal control. 


Alkaline Phosphatase—Anti—Alkaline Phosphatase 
Method. Monoclonal antibodies directed against col- 
lagen type VII and the FCBF were used as primary 
antisera. The bridging antibody (rabbit anti mouse 
IgG) and the APAAP complex were purchased from 
Dako (Hamburg, Germany) and used in a dilution of 
1:50 in 5% normal pig serum (Dako), respectively. 
The tissue sections were fixed with acetone for 10 
minutes and treated with pig serum at a dilution of 1:5 
in PBS (pH 7.4) for 20 minutes in order to block 
nonspecific bindings. The sections were then incu- 
bated with the primary monoclonal antibody in a 
moist chamber at room temperature for 30 minutes, 
washed, and treated with the bridging antibody and 
the APAAP complex for 30 minutes, respectively. 
The enzyme-linked antibody was stained with the 
fuchsin procedure described by Cordell et a1.18 Each 
tissue section was then lightly counterstained with 
Mayer’s hematoxylin. 


Tissue specimens were examined and photographed 
with a Zeiss Axiophot light microscope. Immunore- 
activity was designated as continuous or discontinu- 
ous by independent observers. 


Transmission Electron Microscopy. Tissue samples 
were fixed in 3.5% glutaraldehyde with 0.05 mol/L 
sodium phosphate buffer (pH 7.4) at 4°C for 1 hour, 
post-fixed in 1% osmium tetroxide (pH 7.4) for 2 
hours, and washed three times for 5 minutes with 
PBS. The tissue was dehydrated with ethanol and 
propylene oxide and embedded in Durcupan (Balzers, 
Walluf, Germany). Semithin sections (1 um) were 
stained with toluidine blue for preliminary orienta- 
tion. Ultrathin sections (60 to 80 nm) were stained 
with uranyl acetate and lead citrate for electron mi- 
croscopic investigations (Zeiss 910, 50 to 80 kV). 


RESULTS 
Collagen Type IV. The ABC stain for collagen type 
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IV showed a continuous linear immunoreactivity 
within the basement membrane of normal auditory 
meatal skin and middle ear mucosa (Fig 1A). No 
collagen type IV immunostaining of the subepithelial 
basement membrane could be found in 13 of 30 
investigated cholesteatomas, with the positive immu- 
noreactivity of the basement membranes of adjacent 
subepithelial blood vessels taken as a positive inter- 
nal control (Fig 1B). The 17 cases of positive immu- 
noreactivity for collagen type IV revealed a distinct 
linear staining of the intrinsic basement membrane, 
exhibiting focal discontinuities, especially in areas of 
intense subepithelial inflammation. Within the mu- 
cocutaneous junction between the cholesteatoma and 
middle ear mucosa there was a continuous uninter- 
rupted immunoreactivity for collagen type IV anti- 
body, which appeared to be less intense beneath 
cholesteatoma epithelium (Fig 1C). 


Collagen Type VII. Immunolabeling for collagen 
type VII with LH7.2 revealed a continuous linear 
staining of the intrinsic basement membrane zone in 
samples taken from normal auditory meatal skin. The 


Fig 1. Staining for collagen type IV (ABC meth- 
od, original x400). A) Normal auditory meatal skin 
shows continuous and linear staining of basement 
membrane. B) Middle ear cholesteatoma shows no 
immunoreactivity of subepithelial basement mem- 
brane. C) Mucocutaneous junction between chole- 
steatoma and middle ear mucosa shows continuous 
uninterrupted immunoreactivity, which appeared 
to be less intense beneath cholesteatoma epithelium. 





ales 


distribution of collagen type VII immunoreactivity in 
the basement membrane zone of cholesteatoma (Fig 
2) showed a pattern similar to that found in auditory 
meatal skin, whereas middle ear mucosa and the 
basement membranes of blood vessels of the under- 
lying connective tissue exhibited no immunoreactiv- 
ity. Epithelial ceils of middle ear mucosa, skin, and 
cholesteatoma also showed no reactivity with LH7.2 


(Fig 2). 


Fibronectin. The FCBF immunolabeling revealed 
a continuous linear pattern within the extrinsic base- 
ment membrane zone of auditory meatal skin and 
middle ear mucosa. No specific immunoreactivity 
for fibronectin was observed in either type of epithe- 
lium. In middle ear cholesteatoma, fibronectin im- 
munoreactivity was remarkably increased within the 
extrinsic basement membrane zone, the adjacent sub- 
epithelial connective tissue (Fig 3), and granulation 
tissue. Fibronectin immunoreactivity was noticed on 
the surface of collagen fibrils, endothelial cells of 
blood vessels, fibroblasts, and macrophages. Serial 
dilutions of the primary antibody showed a progres- 
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Fig 2. Distribution of collagen type VII immu- 
noreactivity in basement membrane zone of 
cholesteatoma (APAAP method, original x400). 


sive loss of the immunoreactivity within the underly- 
ing connective tissue, whereas the prominent immu- 
noreactivity of the dermoepidermal junction remained. 
A reticular staining pattern was observed within the 
stroma of cholesteatoma, frequently showing regions 
of different intensities of immunoreactivity. The epi- 





Fig 3. Increased fibronectin immunoreactivity within ex- 
trinsic basement membrane zone and adjacent subepithe- 
lial connective tissue of cholesteatoma (APAAP method, 
original x400). 





thelium of cholesteatoma showed no positive immu- 
noreactivity (Fig 3). 


Electron Microscopy. The basement membrane of 
middle ear cholesteatoma exhibited two main layers: 
the electron-lucent lamina rara or “lucida,” and the 
electron-dense "lamina densa" (Fig 4A). We found 
the thickness of the lamina rara to be between 0.03 
and 0.08 um, and of the lamina densa, between 0.04 
and 0.11 um. The keratinocyte basal cell membrane 
displayed hemidesmosomes with a locally distinct 
number and structure. Within this area a marked 
increase of tonofilaments was observed, radiating 
from the basis of the basal cells to the lamina densa. 
We observed an increased deposition of collagen 
fibers beneath the epithelial basement membrane, 
displaying atypical fibrillar aggregation. The lamina 
fibroreticularis of cholesteatoma revealed anchoring 
fibrils and scattered amorphous material of irregu- 
larly arranged collagen fibrils and fine fibrils. Cyto- 
plasmic protrusions, leading to basement membrane 
irregularities, reduplications, and focal discontinuities, 
were discovered within the lamina densa (Fig 4B). 


DISCUSSION 


Middle ear cholesteatoma 1s histopathologically 
characterized as keratinizing stratified squamous epi- 
thelium growing in foreign sites within the middle ear 
cavity and frequently associated with subsequent 
bone destruction.!? In cases of secondary choleste- 
atoma, the epithelium originates from basal cells of 
the tympanic membrane or the drum-adhering meatal 
skin. In auditory meatal skin, basal cells are in contact 
with the basement membrane and eventually detach 
from this structure, move vertically, and differenti- 
ate. In contrast, during cholesteatoma development 
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Fig 4. Electron microscopy (original x30,000} A) Basement membrane of middle cholesteatoma consists of two main 
layers: electron-lucent lamina rara (Lr) or “lucida,” and electron-dense "lamina densa” (Ld). B) Lamina fibroreticularis 
(Lfr) of cholesteatoma reveals anchoring fibrils (AF) and scattered amorphous material of irregularly arranged collagen 
fibrils and fine fibrils. Also shows cytoplasmic protrusions (P) and reduplications and focal discontinuities (double 
arrowhead) of lamina densa. 


the basal cells migrate laterally to substitute for the 


middle ear mucosa and remain in a hyperproliferative 
state, 15.1620 


Eight of the investigated cholesteatoma samples 
showed the mucocutaneous junction between the 
cholesteatoma epithelium and middle ear mucosa. 
Within those samples we found a continuous immu- 
noreactivity for collagen type IV beneath both epi- 
thelia, which could indicate that the advancing cho- 
lesteatoma epithelium migrates into the middle ear 
cavity, utilizing the original middle ear mucosa base- 
ment membrane as a guide. Our results showed a 
continuous immunoreactivity for collagen type IV of 
the basement membrane within less-inflamed cho- 
lesteatoma samples. Conversely, the more intensely 
inflamed cholesteatoma samples, as well as epithe- 
lial cones infiltrating the underlying connective tis- 
sue, showed discontinuous basement membranes and 
lacked collagen type IV immunoreactivity. Ergün et 
al?! described a lack of immunostaining in some parts 
of the basement membrane in 1 of 6 cholesteatomas 
investigated. The lack of immunoreactivity found by 
Ergün et al and by us probably indicates an incom- 
plete assembly or diminished turnover of this protein. 
Disruptions associated with inflammation are pre- 
sumably linked to the release of proteolytic enzymes, 


like metalloproteinases, which are known to be re- 
leased during inflammation.®.22 One of these protein- 
ases, type IV collagenase, is destructive and able to 
degrade the type IV collagen network.?? 


Type VII collagen appears to be a target for some 
diseases of the dermoepidermal junction.?3 The reac- 
tion with LH7.2 for collagen type VII is missing in 
tissues with recessive dystrophic epidermolysis bul- 
losa (RDEB), a hereditary disease in which anchor- 
ing fibrils are defective.7? Our inability to find any 
disruptions or alterations with LH7.2 immunoreac- 
tivity of cholesteatoma’s basement membrane sug- 
gests no major alterations of anchoring fibrils. The 
similar immunoreactivity between auditory meatal 
skin and cholesteatoma epithelium and the absent 
immunoreactivity in middle ear mucosa and the base- 
ment membrane of blood vessels imply that LH7.2 
immunoreactivity is associated with a stratified squa- 
mous epithelial phenotype. The LH7.2 epitope is 
resistant to bacterial collagenase and to collagenase 
from RDEB fibroblasts!! and was not found to be 
degraded in cholesteatoma. 


Fibronectin is a structural glycoprotein widely 
deposited in chronic inflammatory lesions.?^ It is one 
of the early macromolecules occurring in wound 
healing, is an important protein in wound repair,» 
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and promotes phagocytosis of particles by macro- 
phages and fibroblasts.2$ Fibronectin is known to 
mediate the adhesion of fibroblasts and endothelial 
cells in vitro?” and to promote the migration and 
proliferation of keratinocytes in vitro.?8 Therefore, it 
must be considered to have an important role in the 
pathogenesis of cholesteatoma. Comparison of epi- 
thelial healing in skin and cornea reveals features 
common to cholesteatoma development, as well as 
significant differences: with time, the repaired epi- 
dermis loses its expression of fibronectin. Choleste- 
atoma, however, exhibits significant quantities of 
fibronectin within the inflamed subepithelial con- 
nective tissue and granulation tissue. As synthesis 
and deposition of fibronectin persist, cholesteatoma 
could be interpreted as a nonhealing wound. 


The ultrastructural analysis of the basement mem- 
brane of cholesteatoma confirms the results found by 
Chole and Tinling2? and Wright et al?? in experimen- 
tally induced cholesteatomas. Both described break- 
throughs, fragmentations, and cytoplasmic protru- 

- sions of the basement membrane. We also could find 
focal discontinuities of the basement membrane of 





cholesteatoma, which could be due to the release of 
proteolytic enzymes, The increased deposition of 
collagen beneath the epithelial basement membrane 
and the scattered amorphous material within the lam- 
ina fibroreticularis of cholesteatoma probably result 
from increased collagen synthesis during chronic in- 
flammation and an enhanced degradation of extra- 
cellular matrix components.?! 


CONCLUSIONS 


Considering the alterations in the assembly of the 
basement membrane, we regard cholesteatoma as a 
hyperproliferative and chronic inflammatory middle 
ear disease. It exhibits behaviors analogous to regen- 
erative processes like wound healing. This report sug- 
gests that a combined analysis of extracellular matrix 
components may be a useful tool for the evaluation of 
the clinical behavior of this middle ear disease. Fur- 
ther studies on the extracellular matrix, including in- 
vestigations on the release of proteolytic enzymes, 
especially matrix metalloproteinases, in cholestea- 
toma are necessary for a better understanding of its 
pathogenesis and an improved treatment. 
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France. For more information, contact Prof A. H. Morgon, Hopital Edouard Herriot, pavillon U, place d' Arsonval, 69003 Lyon, France; 
telephone (33) 72.11.05.35; fax (33) 72.11.05.34. 
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Society, c/o Jane Wells, Meeting Coordinator, 300 E Hampden Ave, Suite 401, Englewood, CO 80110; telephone (303) 788-4235; fax 
(303) 788-4234. 


Ann Otol Rhinol Laryngol 105:1996 


ACOUSTIC RHINOMETRY IN THE STUDY OF THE ACUTE NASAL 


ALLERGIC RESPONSE 
ANDREW P. LANE, MD 
CHAPEL HILL, NORTH CAROLINA 
BURTON ZWEIMAN, MD DONALD C. LANZA, MD DAVID SWIFT, PHD 
PHILADELPHIA, PENNSYLVANIA PHILADELPHIA, PENNSYLVANIA BALTIMORE, MARYLAND 
RICHARD DOTY, PHD HUN-JUN DHONG, MD DAVID W. KENNEDY, MD 
PHILADELPHIA, PENNSYLVANIA PHILADELPHIA, PENNSYLVANIA PHILADELPHIA, PENNSYLVANIA 


Acoustic rhinometry is arecently developed method for the objective assessment of nasal patency. In this study, acoustic rhinometry 
was used to measure changes in nasal cavity dimensions in the immediate response to nasal allergen challenge in eight pollen-sensitive 
subjects. Acoustic rhinometric changes were compared with subjective symptoms, as well as histamine in nasal secretions, cytology of 
nasal mucosal scrapings, and changes in olfactory function. A significantly greater.decrease in nasal airway caliber occurred following 
allergen challenge as compared to buffer diluent challenge in the same individuals (70% + 7% versus 22% + 5%). During an allergic 
response, a strong correlation was found between the minimum cross-sectional area and the volume of the nasal cavity measured by 
acoustic rhinometry (r = .9). However, no correlation was observed between nasal airway caliber and concomitant subjective congestion 
reported by the subiects. A modest decrease in olfactory function was seen following allergen challenge (3.1 + 1.4 fewer odors identified 
correctly out of 20; p = .08). However, the alterations of olfactory function did not correlate with changes in nasal patency. The results 
presented in this study demonstrate that acoustic rhinometry has great potential as a reproducible method for the objective assessment 
of nasal obstruction occurring in nasal allergen challenge studies. 


KEY WORDS — acoustic rhinometry, nasal allergy, nasal patency, nasal provocation. 


INTRODUCTION 


In the immediate nasal allergic response, the re- 
lease of mast cell products and other inflammatory 
mediators leads rapidly to the cardinal symptoms of 
allergic rhinitis: pruritus, rhinorrhea, sneezing, and 
nasal obstruction. Nasal congestion is chiefly caused 
by mucosal inflammation, engorgement of venous 
capacitance vessels, and increased vascular perme- 
ability leading to mucosal edema. Histamine, leuko- 
trienes, tumor necrosis factor-a, substance P, and 
calcitonin gene-related peptide have all been impli- 
cated in its pathogenesis.! Much research has been 
undertaken to study the mechanisms of nasal allergy, 
as wellas to evaluate potential therapies. Nasal aller- 
gen challenge has been recognized to be a useful 
model for the examination of nasal allergic response 
physiology. A variety of techniques developed for 
the clinical assessment of nasal patency have been 


adapted for use in nasal provocation studies. The : 


most commonly utilized method is anterior rhino- 
manometry, although it is somewhat cumbersome 
and has high coefficients of variation in repetitive 
measurements.2? Rhinomanometry provides an in- 


direct estimate of airway dimensions that often cor- 
relates poorly with an individual's subjective sense 
ofcongestion.2^4 For the lack of a better, more reliable 
technique to measure airway dimensions, it has long 
been difficult to objectively assess the effect of aller- 
gen challenge on nasal patency. 


Acoustic rhinometry is a recently described tech- 
nique that makes use of reflected sound to estimate 
nasal geometry. Acoustic reflections from the nose 
are collected by a microphone and analyzed with an 
analog-to-digital converter by a computer. This infor- 
mation is processed to determine the minimum cross- 
sectional area (MCA) of the nasal cavity as a function 
of distance from the nasal aperture. It is noninvasive, 
rapid, and relatively simple to perform and requires 
minimal cooperation from the subject.59 Since its 


` first description by Hilberg et al’ in 1989, acoustic - 


rhinometry has repeatedly proven to be a reproduc- 
ible and accurate technique for the assessment of 
nasal patency. The coefficients of correlation be- 
tween measurements of MCA by acoustic rhinometry 
and measurements made by other methods such as 
computed tomography, rhinomanometry, and water 
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displacement in baseline evaluations have been re- 
ported as .90 to .96.8 Several recent studies have 
made use of acoustic rhinometry to measure changes 
in nasal patency associated with posture, the nasal 
cycle, localized skin cooling, allergic and vasomotor 
rhinitis, and surgical procedures.?-1? 


As compared to rhinomanometry, acoustic rhi- 
nometry is particularly well suited to the study of the 
immediate phase of nasal allergic reactions for at 
least three reasons. First, rhinomanometry measures 
nasal resistance, which is largely determined by the 
flow-limiting segment of the nasal airway, the nasal 
valve region. Airflow through this limiting anatomic 
segment depends in great part on the degree of 
congestion of the anterior end of the inferior turbi- 
nate. In an allergic response, there is widespread 
engorgement of the nasal mucosa, decreasing the 
dimensions of the nasal cavity throughout, including 
the nasal valve region. Acoustic rhinometry can ex- 
amine changes in nasalairway caliber globally, while 
rhinomanometry indirectly reflects inflammation of 
only the inferior turbinate in the flow-limiting seg- 
ment. 


Second, in experimental models of allergic dis- 
ease, testing of nasal patency often needs to be 
repeated many times over the course of an allergen 
challenge. Acoustic rhinometry has the advantage of 
being relatively simple and quick to perform. 


Third, since acoustic rhinometry is noninvasive 
and does not require active breathing through the 
nose, it does not perturb the progression of a pro- 
voked allergic response. 


In this pilot study we demonstrate the applicability 
of acoustic rhinometry in the investigation of nasal 
congestion in an allergen challenge model. In addi- 
tion, we compare acoustic rhinometric results with 
subjective congestion and other measures of the 
allergic response. 


METHODS 


Eight subjects between the ages of 22 and 37 were 
recruited on the basis of a history of seasonal allergic 
rhinitis and a positive intradermal skin test to 10 or 
less protein nitrogen units (PNU) of grass pollen ex- 
tract per milliliter. All subjects were symptom-free, 
not on any medications, and in good physical health 
at the time of the study. The protocol was approved by 
the University of Pennsylvania Institutional Review 
Board Committee on Studies Involving Human Be- 
ings, and each subject gave informed consent. 


In the study, the response of subjects to intranasal 
challenge with antigen on one day was compared 
with the response to challenge with the diluent used 


in the antigen solution (phosphate-buffered saline; 
PBS) on a separate day, separated by at least 1 week. 
Subjects were randomly assigned to receive either 
antigen or buffer challenge on the first challenge day. 
On the first challenge day, one of the two nasal 
cavities was chosen at random for all spray chal- 
lenges and measurements. The same nasal cavity was 
used on the second challenge day in that subject. 


Each challenge day began with two baseline mea- 
surements of nasal patency 15 minutes apart in the 
designated nasal cavity. In between these measure- 
ments, the subject performed the University of Penn- 
sylvania Smell Identification Test (UPSIT), in which 
the individual is asked to identify 20 distinct odors in 
a coded, standardized manner.?? The score on each 
test is defined as the number of correctly identified 
odors. 


Next, four sequential challenges were carried out 
in the designated nasal cavity by means of a metered- 
dose inhaler, which delivered a consistent volume of 
0.3 mL. On the control challenge day, one spray of 
only the buffer solution was delivered on four occa- 
sions at 10-minute intervals. The antigen challenge 
day involved one spray of buffer followed by one 
spray of three increasing concentrations of grass 
antigen extract (10, 100, and 1,000 PNU/mL) at 10- 
minute intervals. Two minutes after each spray, a 7- 
mm filter paper disk was applied to the anterior 
portion of the nasal septal mucosa to collect nasal 
secretions. The disk was removed after being in place 
for 5 minutes and placed in a preweighed tube of PBS 
at 4°C. Following disk removal, the subjects graded 
their rhinorrhea, congestion, and itchiness on scales 
of 1 to 5 (with 5 being the most severe), and sneezes 
were counted. Acoustic rhinometric measurements 
were then performed 8 to 9 minutes after each chal- 
lenge. Subjects were followed for 40 to 50 minutes 
after the fourth spray, with acoustic rhinometry re- 
peated every 10 minutes. The UPSIT was performed 
20 minutes after the final spray on both the antigen 
challenge and control challenge days. At the comple- 
tion of the challenges and subsequent observation 
period, nasal scrapings of the middle turbinate were 
obtained with a Rhinoprobe (Apotex Scientific, Ar- 
lington, Tex), smeared on slides, and fixed in 95% 
ethanol for analysis of nasal cytology. 


The filter paper disks were weighed following 
removal after each challenge and placed in the pre- 
weighed container of PBS to determine the weight of 
collected secretions, then incubated overnight at 4°C 
inthe PBS. Thecontainer was centrifuged the follow- 
ing day and the supernates were frozen in aliquots at 
-70°C for later analysis of histamine content by 
enzyme-linked immunosorbent assay (Amhac Inc, 
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Fig 1. Typical cross-sectional area versus dis- 
tance graph generated by acoustic rhinometry 
(solid line). Shaded region represents volume of 
nasal cavity over first 7.5 cm from vestibule. 


Cross-sectional area (cm?) 


0.1 


Westbrook, Me). 


Acoustic rhinometry was carried out with an acous- 
tic rhinometer prototype similar to the model used by 
Dr Ole Pedersen of Denmark and Dr David Swift of 
Johns Hopkins University. This machine makes use 
of IBM computers with analog-to-digital converters 
for data acquisition and processing. Data were trans- 
ferred to an Apple Macintosh computer for data 
analysis and graphic presentation. In this way, a 
cross-sectional area-distance curve for a distance of 
12 cm from the nasal vestibule into the nasal cavity 
was described graphically by the apparatus (Fig 1). 
The MCA was defined at the lowest point of the 
curve. The nasal cavity volume was defined for this 
study as the area under the area-distance curve for the 
first 7.5 cm distance into the nose from the nasal 
vestibule. Any percentage change in nasal cavity 
volume or MCA after a challenge was defined as 
baseline (prechallenge) value minus the postchallenge 
value divided by the prechallenge value. The changes 
observed following allergen challenge versus buffer 
challenge were compared by means of paired t-tests. 
Paired t-tests were also used to compare peak hista- 
mine release following allergen versus buffer chal- 
lenge. Correlations between acoustic rhinometric find- 


TABLE 1. FREQUENCY AND INTENSITY OF NASAL 
SYMPTOMS FOLLOWING NASAL ALLERGEN 
CHALLENGE IN SENSITIVE SUBJECTS 


Challenge Allergen 
Concentration 
10 100 1,000 15 Minutes 
Symptom PNU/mL | PNU/mL |. PNU/mL  Postchallenge 
Rhinorrhea 5 (1.6) 8 (2.1) 8 (4.1) 8 (2.5) 
. Itchiness 5 (1.2) 6 (1.3) 7 (2.1) 4 (1.8) 
Congestion 2 (2) 5 (2.6) 8 (3.4) 8 (3.3) 
Sneezing 0 3 (1) 6 (5) 0 


Data are numbers of subjects exhibiting symptom out of eight subjects 
studied. Values in parentheses are mean symptom intensity scores for 
eight subjects on 1 to 5 scale, with 5 being most intense. 


PNU — protein nitrogen units. 
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ings and other parameters were determined by Spear- 
man rank-correlation analysis. 


RESULTS 


Symptomatic allergic responses were induced in 
alleight subjects after challenge with the three graded 
concentrations of grass pollen extract. Subjects com- 
plained of nasal congestion of at least 3 on a scale of 
1 to 5 at the height of their symptomatic response. 
Variable degrees of sneezing, rhinorrhea, and itchi- 
ness were observed over the challenge period (Table 


1). 


In seven of the eight subjects, nasal allergen chal- 
lenge induced a significant reduction in both nasal 
volume and MCA, as detected by acoustic rhinometry. 
For the whole group of eight subjects, the greatest 
decreases from baseline values following allergen 
challenge were 58% + 5% (range 46% to 74%) for 
nasal volume, and 70% + 7% (range 5196 to 91%) for 
MCA. A very strong correlation between the absolute 
values for nasal volume and MCA was seen in indi- 
vidual measurements (r= .9). A representative cross- 
sectional area-versus-distance curve for an allergen 
challenge is shown in Fig 2. 


On the control challenge day, none of the subjects 
reported allergic symptoms during the buffer chal- 
lenges. The maximum decreases were 17% + 4% 
(range 11% to 37%) for nasal volume and 22% x 596 
(range 0% to 37%) for MCA. Figure 3 shows the 
relationship between therange of area-distance curves 
seen during repeated buffer challenges and the area- 
distance curves following allergen challenge in the 
same subject. 


The findings after antigen and buffer challenges in 
individual subjects were considered in another way. 
Table 2 compares the maximal percent changes in 
MCA and nasal cavity volume for each subject dur- 
ing allergen challenges and buffer challenges. A 
significant correlation was observed in this study 
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group between the greatest subjective congestion and 
the maximal decrease in MCA following allergen 
challenge (r = .8), by Spearman rank-order analysis. 
Thus, the greatest relative decrease in MCA was 
observed in those subjects who described the greatest 
subjective congestion. However, the greatest de- 
crease in MCA and the most prominent subjective 
congestion did not necessarily occur at the same point 
in time during allergen challenge in individual sub- 
jects. Thus, no significant correlation was found 
between nasal patency and concomitant subjective 
congestion. A comparison of sequential nasal vol- 
ume changes and subjective congestion scores in an 
individual subject can be seen in Fig 4. 


Olfactory measurements with a standardized panel 
of 20 different odors were made before and after 
challenge with allergen and buffer diluent, and ex- 
pressed as the difference in the number of correctly 
identified odors before and after challenge. For the 
group of eight subjects, there was essentially no 
difference in odor perception following the buffer 
challenges (-0.625 + 0.46). A modest decrease in the 
number of correctly identified odors occurred during 
the allergen challenges (-3.12 + 1.4; p = .08, paired 
t-test). Differences in olfactory function following 


£00 


Fig 3. Decrease in airway caliber in response to 
allergen challenge as compared to buffer chal- 
lenge. Shaded region represents range of cross- 
sectional area-versus-distance curves generated 
over buffer challenge day. Solid line shows 
baseline area-distance curve from allergen chal- 
lenge day prior to allergen challenge. Note that 
it falls largely within shaded region. Othercurves 
depict area-distance functions following 100- 
PNU challenge and at two time points following 
1,000-PNU challenge. 
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Fig 2. Decrease in nasal cavity volume follow- 
ing allergen challenge. Solid line represents 
baseline cross-sectional area-versus-distance 
function obtained prior to allergen challenge. 
Dotted curve shows area-distance function seen 
20 minutes after challenge with 1,000-protein 
nitrogen unit (PNU) concentration of grass pol- 
len in grass-sensitive individual. Shaded region 
is decrease in nasal cavity volume over first 7.5 
cm from nasal vestibule. 
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allergen challenge were not correlated quantitatively 
with objectively measured changes in nasal patency. 


Changes in nasal patency were also not correlated 
with the degree of subjective rhinorrhea or pruritus. 
There was a significantly greater peak increase in the 
volume of nasal secretions following allergen chal- 
lenge than after buffer challenge (35 + 6.2 versus 2.5 
+ 1.6 mg; p< .001), which also did not correlate with 
changes in nasal patency. However, there was a 
suggestion of an inverse relationship between nasal 
patency and the number of sneezes occurring after 
allergen challenge. 


There was a significant increase in the peak hista- 
mine content of the nasal secretions following the 
allergen challenges as compared to that following the 
buffer challenges (6.0 + 1.6 versus 1.0 + 0.34; p = 
.01). However, no correlation was observed between 
the amount of histamine eluted from the secretions 
and decreases in nasal patency as assessed by either 
acoustic rhinometry or subjective congestion. In two 
of the eight subjects, the maximal histamine levels 
were found in secretions obtained after the 10-PNU 
challenge, while in three of the eight subjects the 
maximal histamine levels were seen after both the 
100-PNU and 1,000-PNU sprays. 








10 minutes following 100 PNU spray 
10 minutes following 1000 PNU spray 
20 minutes following 1000 PNU spray 


m_m distance into nose from vestibule (cm) 
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TABLE 2. CHANGES IN NASAL CAVITY VOLUME, MINIMAL CROSS-SECTIONAL AREA, AND SUBJECTIVE 
CONGESTION FOLLOWING NASAL CHALLENGE 


Antigen Challenge 
Decrease in Decrease in 
Subject Volume* MCA 
1 58% 68% 
2 58% 7296 
3 46% 51% 
4 31% 32% 
5 59% 82% 
6 74% 91% 
7 73% 85% 
8 67% 83% 


MCA -—- minimal cross-sectional area. 


*Greatest decrease in nasal cavity volume (as compared to baseline). 


tDecrease in nasal cavity volume during buffer challenge at time following baseline corresponding to time when maximal decrease in nasal cavity 
occurred during allergen challenge in same subject. 


$On scale of 1 to 5, with 5 being most severe. 





Buffer Challenge Maximum 
Decrease in Decrease in Subjective 
Volumet MCA Congestion§ 

27% 21% 5 
2196 2296 4 
6% 28% 3 
26% 37% 3 
3% 0% 4 
4% 0% 5 
2796 34% 4 
26% 32% 4 





Following allergen challenge, prominent numbers 
of inflammatory cells (mainly neutrophils) were seen 
in nasal mucosal scrapings of most subjects. How- 
ever, the extent of this response did not correlate with 
nasal patency measurements. In two of the eight 
subjects, large numbers of eosinophils were observed 
in the nasal scrapings. In the remaining subjects, only 
occasional eosinophils were seen. However, the de- 
crease in nasal airway caliber was not the most prom- 
inent in the two subjects with pronounced nasal eo- 
sinophilia. 


DISCUSSION 


Nasal congestion is reported commonly by indi- 
viduals undergoing experimentally induced acute 
nasal allergic reactions. However, there has been a 
long-standing unmet need for a satisfactory repeti- 
tive, easily performed measurement of nasal paten- 
cy.?! The vast majority of previous attempts to objec- 
tively assess changes in airway caliber thought to be 


Subiective 
congestion score 





Fig 4. Nasal volumes and subjective congestion 
score in representative individual. Lighter- 
shaded bars represent nasal cavity volume at 
different time points on buffer challenge day. x 
Darker bars show nasal cavity volumes at cor- 04 B 
responding time points on allergen challenge 
day. Subjective congestion score reported by 
individual at each time point is displayed above 
each bar. Maximum objective congestion deter- 
mined by acoustic rhinometry (5896 from base- E 
line) coincided with maximum subjective con- 
gestion (4+ out of 5) following 1,000-PNU 
spray. Decrease in volume at corresponding 
time point during buffer challenge day was 21% E 
from baseline. 2 


Volume (cm3) 
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responsible for this subjective sensation of conges- 
tion have utilized rhinomanometry.???! However, 
this technique measures the resistance to nasal air- 
flow, rather than directly measuring the airway cali- 
ber or nasal volume. Since nasal resistance is largely 
determined by the flow-limiting segment, or the 
region of the airway with the smallest cross-sectional 
area, rhinomanometry is a functional measurement 
that indirectly describes nasal patency over a limited 
anatomic region only. 


This fact may explain the lack of good correlation 
observed between the subjective sensation of conges- 
tion and rhinomanometric changes in allergic reac- 
tions.* Also, paradoxically, subjective nasal conges- 
tion is commonly reported by those with atrophic 
rhinitis, even though nasal airway resistance in these 
individuals measured by rhinomanometry is very 
low.* On the other hand, inhalation of certain vapors 
(eg, eucalyptus, menthol) is often followed by a 
sensation of decreased nasal congestion even though 
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no significant changes in airway resistance occur.22 
These findings suggest that subjective nasal conges- 
tion is not simply a reflection of increased airflow 
resistance at the nasal valve. Therefore, a more direct 
assessment of nasal airway caliber and nasal cavity 
volume during acute allergic reactions in the nose is 
desirable. 


In this study, we have demonstrated the utility of 
acoustic rhinometry in measuring the sequential, 
dynamic changes occurring simultaneously in nasal 
airway caliber and nasal cavity volume during the 
acute allergic response. We have found the technique 
to be relatively simple and rapidly performed, with 
very little variation in repeated measurements. Since 
it is noninvasive and does not require nasal airflow, 
acoustic rhinometry during the challenge does not 
appear to perturb the evolution of the provoked nasal 
allergy. 


The nasal mucosal responses following allergen 
challenge observed in this study were manifested by 
prominent decreases in both nasal cavity volume and 
in MCA as determined by acoustic rhinometry. De- 
creases in nasal cavity volume, which was measured 
over a distance of 7.5 cm beginning at the nasal 
vestibule, are a reflection of global airway narrow- 
ing. On the other hand, MCA generally occurred in 
the nasal valve region, primarily determined by in- 
flammation of the head of the inferior turbinate. 
Nasal cavity volume and MCA measurements were 
very strongly correlated in individual measurements, 
demonstrating that changes in nasal patency during 
acute allergic reactions occur rather uniformly, at 
least over the first 7.5 cm into the nose. Although our 
distance-area curve findings beyond the first 7.5 cm 
suggest a further marked decrease in airway caliberin 
that part of the nose, the precision of acoustic rhi- 
nometry may be uncertain in the posterior aspects of 
the nose, particularly beyond 12 cm from the nasal 
opening.® 


In the study group reported here, the greatest 
relative decreases in nasal caliber and volume were 
seen in those subjects reporting the most subjective 
congestion at some time during the challenge. How- 
ever, there was no consistent temporal relationship 
between the onset of such congestion and the first 
observed clear-cut decrease in airway caliber. This 
lack of temporal correlation may not be surprising, 
since we found the MCA most commonly in the nasal 
valve region, possibly at a distance from the neural 
network that conveys a sense of nasal congestion. 
However, we also found that the degree of subjective 
congestion did not correlate temporally with de- 
creases in nasal cavity volume, a more global assess- 
ment of airway patency. Indeed, maximal subjective 


congestion preceded the greatest decrease in nasal 
volume in five of the eight individuals by as long as 
40 minutes. The modest decreases in nasal cavity 
volume (17%) and MCA (22%) following buffer 
challenge may reflect normal nasal cycling and/or 
nonspecific effects of the spraying process, including 
possible effects of the preservative present in the 
solutions. 


As expected, there were other symptomatic and 
inflammatory responses in these subjects observed 
during allergen challenge but not control buffer chal- 
lenge. Prominent sneezing occurred in six of the eight 
subjects during challenge with the highest allergen 
concentration; however, if anything, less decrease in 
airway caliber was seen in those who sneezed the 
most. The weight of nasal secretions (encompassing 
both the volume and density of secretions) also did 
not correlate with the decrease in airway caliber at 
individual time points. We found inflammatory cell 
infiltrates present in all subjects 45 minutes after the 
final allergen challenge, the extent of which did not 
correlate with nasal congestion. As observed previ- 
ously by others looking at the acute allergic response 
in the nose,? the infiltrate was predominantly com- 
posed of neutrophils, with a variable number of 
eosinophils, perhaps corresponding to their propor- 
tion in the circulating blood. On the basis of previous 
nasal challenge studies, one would expect a more 
prominent eosinophil exudate in scrapings obtained 
hours after allergen challenge. The amount of his- 
tamine released locally onto filter paper disks during 
allergen challenge was significantly greater than that 
following buffer challenge in all subjects — similar 
to the findings of other groups using nasal allergen 
challenge.” One would expect the amount of hista- 
mine released to correlate with subjective congestion 
and/or decreases in airway patency, since histamine 
sprayed into the nose induces prominent nasal con- 
gestion. However, in our study, peak histamine 
levels were seen at various time points after allergen 
challenge in different individuals and did not corre- 
late with other parameters measured. 


It has been reported that over 50% of patients with 
allergic rhinitis have decreased olfaction at one time 
or another.26 It has been assumed that this decreased 
sense of smell is associated with nasal obstruction. 
However, in both normals and allergic rhinitis pa- 
tients, no correlation has been found between dimin- 
ished sense of smell and decreased nasal patency, as 
assessed indirectly by rhinomanometry 2$ 


The findings reported here are the first, to our 
knowledge, of altered olfactory function during nasal 
allergen challenges, and the first comparison of such 
olfactory alterations with changes in nasal patency 
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assessed by acoustic rhinometry. Although we found 
modest decreases in olfaction after the induced aller- 
gic reaction (p = .08), these changes did not correlate 
with the degree of reduction in nasal patency. This 
lack of correlation is similar to that seen in rhino- 
manometric studies during naturally occurring aller- 
gic rhinitis. Clearly, hyposmia in nasal congestion is 
due to more than nasal congestion, even when the 
latter is evaluated by the more global assessment of 
nasal cavity volume. It may be that hyposmia in al- 
lergy is due to local inflammatory effects, with or 
without obstruction, in the olfactory region of the 
nasal cavity that cannot be detected with sufficient 
sensitivity by either rhinomanometry or acoustic rhi- 
nometry. 


In summary, the findings reported here indicate 
that nasal patency, as defined by two well-correlated 
indices, can be measured readily by acoustic rhinom- 





etry on repeated occasions during experimentally in- 
duced acute allergic reactions. Significant diminu- 
tion in airway caliber and nasal cavity volume occurs 
in almost all subjects, with the greatest decreases 
observed in those describing the most subjective 
congestion. However, there is no precise temporal 
correlation between these two events, nor with the 
modest degree of hyposmia induced and the extent of 
histamine release or inflammatory cell exudation. In 
experimental models of allergy designed to elucidate 
the physiologic mechanisms of the allergic response 
or those designed to evaluate potential therapeutic 
interventions, it is important to have standardized, 
objective methods for assessing changes in nasal 
patency and its modulation by pharmacologic thera- 
pies. Acoustic rhinometry may prove to be an invalu- 
able technique in the future for the objective assess- 
ment of nasal congestion in allergen challenge mod- 
els of allergic disease. 
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The purpose of this study is to clarify the origin and nature of so-called hairy polyps or dermoids of the pharynx, which are often 
thought to be a variant of pharyngeal teratoma. For this purpose, a case is reported of a dermoid polyp involving the middle ear of an 
infant, the features of multiple examples of pharyngeal dermoid polyps and teratomas received for consultation by the Armed Forces 
Institute of Pathology are examined, and selected pertinent reports from the literature are reviewed. All three means are used to support 
the conclusion that these lesions are choristomatous developmental anomalies arising from the first branchial cleft area and that they 
essentially represent heterotopic accessory “ears” (auricles) without the growth potential of a teratoma. 


KEY WORDS — accessory auricle, choristoma, dermoid; middle ear, pharynx, teratoma. 


INTRODUCTION 


Arnold! in 1888 described four types of congenital 
pharyngeal malformations: 1) epignathus, with grossly 
very well-developed anatomic structures, 2) pharyn- 
geal teratoma, 3) pharyngeal “teratoid,” with poorly 
differentiated structures or tissues, and 4) pharyngeal 
dermoid. Category 1 is the type of abnormality that 
would suggest a maldeveloped twin, or fetus in fetu, 
as the genesis ofthe malformation. Category 2 would 
seem to correspond to what might be called a conven- 
tional teratoma, or the type usually encountered in 
various anatomic locations. Category 3 is one that is 
difficult to clearly delineate within more modern 
ideas of pathologic classification. Category 4 is the 
subject of this present study. 


Schwalbe? in 1907 had a slightly different list of 
four categories, all considered subcategories of epig- 
nathi: 1) pharyngeal masses with remarkably well- 
differentiated structures, including umbilical cord 
formation (these cases must be “vanishingly” rare), 
2) masses with grossly well-differentiated organoid 
structures, 3) "conventional" teratoma, and 4) der- 
moids. 


While Arnold! apparently did not explicitly de- 
note the pharyngeal dermoid as a variant of terato- 
ma, some subsequent classifications (eg, especially, 
Schwalbe's2) implied that the pharyngeal dermoids 
are within the spectrum of teratoma; ie, they could be 
construed as a limited form of teratoma. Some au- 
thors in recent decades have not labeled the pharyn- 


geal dermoids as teratomas, but rather, have consid- 
ered them to be choristomas.? However, there are 
authors who still imply that hairy polyps are a limited 
teratoma.4 


Although admittedly not a profound clinical ques- 
tion, determining that these malformations are not 
teratomas (and therefore do not have the growth 
potential of a teratoma and certainly no malignant 
potential, in contrast to some teratomas) is clinically 
relevant. The evidence presented herein that supports 
a specific developmental provenance for pharyngeal 
dermoid polyps is probably of some academic inter- 
est for furthering the detailed knowledge of these 
specific developmental anomalies. 


CASE REPORT 


A 16-month-old girl was evaluated at an otolaryn- 
gology clinic in the interior of Alaska for recurrent 
otitis media and right otorrhea. She had a history of 
recurrent otitis media (mostly on the right side) since 
age 7 months (>12 episodes). Her language develop- 
ment had been appropriate for age. She had no prior 
surgery or hospitalizations and was on no medica- 
tion. The examiners noted a soft tissue mass filling 
the medial half of the external ear canal. An outpa- 
tient clinic biopsy revealed keratin, suggestive of a 
cholesteatoma. A computed tomography (CT) scan 
demonstrated a mass filling the right external audi- 
tory canal and middle ear, extending into the mastoid, 
hypotympanum, protympanum, and pterygomaxillary 
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fibers. 


space, and which apparently exposed the carotid 
artery. There appeared to be dehiscence of the middle 
fossa dura. The patient was then transferred to Madigan 
Army Medical Center (MAMC) for further evalua- 
tion. 


Examination at MAMC confirmed the above find- 
ings. Facial nerve function was normal. Cranial nerves 
II through XII were intact except for cranial nerve 
VIII on the right. There was no nystagmus noted. Au- 
diometric testing revealed speech awareness thresh- 
olds at 20 dB hearing level for the better-hearing ear. 
Immittance was normal in the left ear and abnormal 
onthe right. Additional CT views (Fig 1A) confirmed 
the previously noted findings, except that the carotid 
artery appeared to be covered. 


The patient was taken to the operating room, where 
multiple biopsies of the external ear canal mass were 
performed. Frozen section results revealed keratin 
material without evidence of rhabdomyosarcoma. 
The soft tissue mass was then debulked to the level of 
the tympanic membrane. No tympanic membrane 
was found; however, a bar of horizontally situated 
cartilage similar to tragal cartilage was noted at the 


Fig 1. Case reported herein. A) Computed tomogram demonstrating tissue 
mass within right tympanic space. B) Low-power photomicrograph of middle 
ear mass showing cartilage plate, approximately horizontal, near upper surface 
of tissue. C) High-power photomicrograph of cartilage plate stained for elastic 
tissue (Movat stain); black staining surrounding cells indicates abundant elastic 


level of the annulus. A mastoidectomy was then 
performed. Squamous debris was encountered at the 
level of Koerner’s septum, filled the medial mastoid, 
extended into the middle ear, and abutted the mass. At 
this point, because of the extensive squamous debris, 
a canal wall down procedure was undertaken. The 
incus and malleus were noted to be displaced superi- 
orly by the mass. The mass was then mobilized and it 
seemed to be attached to (and perhaps arising from) 
the area of the tympanic annulus; it was grasped and 
rotated out of the middle ear, hypotympanum, and 
pterygomaxillary space. The carotid artery was cov- 
ered and the stapes superstructure was intact except 
for the capitulum. No dural dehiscence was noted. 
There was no aberrancy of the facial nerve. A me- 
atoplasty was performed and the procedure termi- 
nated. 


Pathologic examination revealed that the lesion 
was not a cyst, but rather, was a solid polypoid 
structure. On the histologic slides, the specimen 
contained a well-formed cartilage plate that was thin 
and elongated, measuring approximately 1.0 mm in 
width and approximately 18 mm in extent (Fig 1B). 
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The cartilage was elastic cartilage (manifesting elas- 
tic fibers on an elastic tissue stain) and very much 
resembled auricular cartilage (Fig 1C). Surrounding 
the cartilage plate was adipose tissue similar to sub- 
cutaneous tissue, and surrounding this and lining the 
surface of the specimen was skin (dermis and epider- 
mis with adnexal structures, including hair append- 
ages). The histologic similarity to auricular tissue 
was clearly apparent — especially the conformation 
of the cartilage. 


The patient has done well for 12 months postopera- 
tively without complications. 


ADDITIONAL MATERIALS AND METHODS 


Eight cases of pharyngeal dermoid polyps and four 
cases of pharyngeal teratomas retrieved from the 
Armed Forces Institute of Pathology (AFIP) consul- 
tation files were studied. The histologic material was 
scrutinized for the details of tissue composition, 
especially the exact structure of the cartilage, includ- 
ing the size and general conformational outline and 
whether or not there was evidence of elastic cartilage. 
The AFIP material was also used to compare the 
tissues of pharyngeal teratomas with those of hairy 
polyps, with particular attention once again given to 
cartilage, Also, comparison of the histologic features 
of the hairy polyps was made to the features of 
developing fetal auricles furnished by one of the 
authors (V.A.). 


Literature reports of hairy polyps were scrutinized 
for the location of origin of the lesions, the gross 
appearance, associated malformations, and the de- 
tails of tissue composition. In the last instance, the 
exact structure of the cartilage was considered appo- 
site, including the size and general conformational 
outline and whether or not there was evidence of 
elastic cartilage. 


RESULTS 


The literature review indicated that our hypothesis 
that pharyngeal dermoids are accessory auricles is not 
exactly new. A few reports?$ described hairy polyps 
that have a gross resemblance to (malformed) au- 
ricles. The logical inference was made in these re- 
ports that the hairy polyps were probably of first or 
second branchial arch origin, and one report® explic- 
itly labeled the pharyngeal lesion as an accessory 
auricle. However, these reports (including the latter) 
did not explicitly or fully develop the argument that 
pharyngeal hairy polyps in general are accessory 
auricles. Moreover, these reports are few, and the 
idea that pharyngeal hairy polyps might be accessory 
auricles is certainly not widely known. 


In the literature, the term dermoid is often consid- 


ered synonymous with dermoid cyst. This is reason- 
able, since dermoid lesions in most parts of the body 
(including the older term of dermoid cyst of the 
ovary, which is now recognized to more accurately be 
a benign cystic teratoma) are indeed cysts. It seems to 
be tacitly assumed by some that all dermoid lesions 
are cysts. This can be seen in reports of dermoids that 
are entitled with “dermoid cyst,” and yet the descrip- 
tion of the lesion does not seem to indicate a cystic 
lesion.^? It is clear from the literature that pharyngeal 
dermoids actually are not dermoid cysts, but rather, 
are solid polypoid lesions. 


Although pharyngeal dermoids can arise from the 
soft palate (nasopharyngeal surface) or in the orophar- 
ynx, including the tonsillar region, a majority of these 
malformations occur laterally in the vault of the 
nasopharynx and therefore are not far from a eusta- 
chian tube orifice. Some even appear to be arising 
within the eustachian tube and protruding from it.9? 
There are reports of dermoids entirely confined to the 
eustachian tube.!° 


There are also a few reports of dermoids of the 
middle ear or mastoid area.^:11-15 It is often difficult 
to tell from the reported information whether the 
lesion was solid or truly cystic. At least one may have 
been a small cyst,!> but others were more likely solid 
polypoid lesions." In at least one instance the lesion 
appeared to arise from the eustachian tube and ex- 
tended into the tympanic cavity.!! 


The very large majority of pharyngeal, eustachian 
tube, or tympanic dermoid polyps occur in patients 
who have normal auricles. However, there are a few 
reports of patients with pharyngeal dermoid polyps 
and associated malformations of the auricle.12.14 


Since pathologic material was available in the 
AFIP cases, it could be examined in more detail 
(including elastic tissue stains on cartilage) than is 
generally available in literature reports, which often 
do not have histologic pictures orinformation regard- 
ing the type of cartilage. Examination of our cases of 
dermoid polyps revealed most to have prominent 
cartilage within the mesenchymal tissues, Usually 
the cartilage was in the form of an elongated or curved 
plate of relatively uniform thickness and was ap- 
proximately as thick as normal auricular cartilage 
(Fig 2). Elastic cartilage was not well developed in 
most specimens, but in two cases it was extremely 
well developed, with striking elastic fibers mani- 
fested with an elastic fiber stain. The strong resem- 
blance to auricular cartilage was most impressive. 
For the eight cases examined, the degree of elastic 
cartilage differentiation could not be significantly 
correlated with the age of the patient. Comparison of 
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Fig 2. Low-power photomicrograph of Armed Forces 
Institute of Pathology case of "pharyngeal hairy polyp" 
(ie, accessory auricle) with section through circular plate 
of cartilage with thickness similar to that of normal auricu- 
lar cartilage. 


the histologic appearance of the dermoid polyps to 
the appearance of fetal auricles confirmed the general 
resemblance of the polyps to auricles. 


Although the cases of congenital nasopharyngeal 
teratomas contained cartilage, extensive well-formed 
plates of uniform thickness resembling auricular car- 
tilage were not seen. The cartilage was generally 
more cellular and immature in appearance than was 
the cartilage found in the dermoid polyps. There was 
one small focus in one case that manifested elastic 
fibers, but the other, larger areas of cartilage in this 
case did not. 


DISCUSSION 


The hypothesis that pharyngeal dermoid (hairy) 
polyps are actually accessory auricles was generated 
by pondering a few simple observations. The term 
dermoid generally connotes a dermoid cyst, which 
usually is thought to probably develop from an inclu- 
sion, or entrapment, of ectodermal tissue with the 
capacity to form skin.!?/16 With respect to the pharyn- 
geal dermoids, this concept presents two main diffi- 
culties, both of which serve as clues that these lesions 
are something a bit different from the usual dermoid. 
First, they are solid, exophytic masses, and second, 
they are not close to a cutaneous site. The solid, 
exophytic growth does not suggest a developmental 
inclusion or entrapment phenomenon. Their not be- 
ing close to a cutaneous site presents a significant 
problem for explaining the embryogenesis of these 


polyps, although it has not seemed to be a problem to 
other authors.!7 Since these lesions are not far from 
the ectodermally derived mucosa of the mouth or 
nasal cavity, other authors have related these areas to 
the development of dermoid polyps. However, le- 
sions similar to pharyngeal dermoid polyps do not 
seem to occur in the sinonasal or oral mucosa. Dermoid 
cysts of the nasal bridge (aside from being cysts and 
not solid polyps) are related to and derived from a 
cutaneous area, not the schneiderian mucosa. Dermoid 
cysts or polyps of the nasal cavity proper or the 
paranasal sinuses are virtually unknown. Although 
dermoid cysts of the floor of the mouth are well 
known, these lesions possibly could be derived from 
midline upper neck or submental cutaneous areas 
rather than from stomodeal ectoderm. In any case, 
they are cysts rather than exophytic polyps. Most 
persons have tiny nests of sebaceous glands (Fordyce 
granules) in the oral cavity, and these structures are 
derived from oral cavity mucosa. However, they do 
not form gross polypoid masses. 


If pharyngeal dermoid polyps are ectopically lo- 
cated malformations derived from sinonasal or sto- 
modeal ectoderm, it seems quite unusual that similar 
lesions do not seem to form "nonectopically" in the 
sinonasal or stomodeal areas. This is unusual enough, 
in our thinking, that we strongly doubt the origins of 
these lesions postulated in the literature as possibly 
being from inclusions between palatal shelves!’ or 
remnants of the breakdown of the buccopharyngeal 
membrane.!? If they are not from these areas (and if 
not teratomas), what would be the embryologic prov- 
enance of these lesions? 


There is one area, other than the mouth or nasal 
cavity, in which the endodermal upper pharyngeal 
tissue is developmentally close to ectodermal tis- 
sue — indeed, very close. The first pharyngeal bran- 
chial pouch endoderm is usually said to contact the 
first branchial groove ectoderm (in the area that will 
ultimately develop into the tympanic membrane), 
and subsequently the two layers “pull away" as some 
mesodermal tissues develop between them. This seems 
the most plausible area for displacement of ectoder- 
mal tissue that subsequently becomes associated with 
the tympanum, eustachian tube, or pharynx. We 
believe this is indeed the origin of pharyngeal dermoid 
polyps, because of the additional evidence that indi- 
cates an auricular quality for the tissues of the dermoid 
polyps, and since, of course, the normal auricle de- 
velops around the first branchial cleft (from the 
ectoderm of the cleft and the adjacent first and second 
arch mesoderm). 


Additional evidence is derived from the spectrum 
of exact locations of dermoid polyps. Most are in the 
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nasopharynx and located laterally. This is not far 
from the eustachian tube. Some arise from the eusta- 
chian tube and project into the nasopharynx.? Eusta- 
chian tube origin may be more common than is 
reported, because the origin from the tube orifice may 
notbeexplicitly determined clinically in some cases.* 
Rare examples have been confined to within the tube 
proper.!° Finally, there are instances of dermoid 
polyps within the middle ear space (as reported 
herein), some of which appear to be arising from the 
tube.!2 This spectrum of locations for dermoid polyps 
strongly suggests an association with the first pha- 
ryngeal pouch, from which the eustachian tube devel- 
ops. 

What about the significant number of pharyngeal 
dermoid polyps that appear to arise from the nasopha- 
ryngeal side of the soft palate or from the faucial 
tonsillar area and thus are not next to the eustachian 
tube orifice? Does this argue against.a first pharyn- 
geal pouchrelationship? Not significantly, since these 
areas are still related to the endodermal pharyngeal 
branchial apparatus. A dermoid polyp in the tonsillar 
area seems hardly significantly “ectopic” from the 
first pouch area, when it is recalled that the caudal 
border of the first pouch (and cleft) is the second arch 
and that the tonsillar area is related to the second arch. 
Dermoid polyps of the tonsillar area are discussed in 
the literature as probably of second branchial cleft 
origin. It would be more accurate to include the 
second arch in this proposed origin, since these solid 
polyps surely include arch mesoderm in their forma- 
tion, and the second arch is also involved (in part) in 
the formation of the auricle. It is true that tonsillar 
dermoid polyps would seem to be more related to the 
second branchial apparatus than to the first, but this 
probably is not sufficient reason to separate them as 
something fundamentally different from the nasopha- 
ryngeal dermoids. After all, external cutaneous ac- 
cessory auricles (auricular tags) can be located well 
down on theneck, significantly away from the auricle 
and perhaps more in a second cleft area, and yet no 
one suggests considering them a different type of 
lesion from a histologically identical one located 
closer to the auricle. Tonsillar dermoid polyps are 
histologically identical to external auricular tags, and 
they are probably related lesions. 


Important support for the hypothesis that pharyn- 
geal dermoid polyps are accessory auricles is pro- 
vided by the characteristics of the cartilage found in 
many of them. The first important point has already 
been documented in several reports,» and this is the 
fact that some of these lesions grossly resemble 
malformed auricles. This resemblance includes an 
extended plate of cartilage of uniform thickness that 
grossly very much resembles auricular cartilage. 


However, another important aspect of this cartilage 
has not been discussed in the literature. Some of these 
lesions have strikingly elastic cartilage, as did the 
tympanic dermoid polyp reported herein (Fig 1C) 
and one of our pharyngeal cases. The cartilage in one 
of the cases reported by Chaudry et al!4 (their Figure 
6) is similar, and one can discern elastic fibers from 
the illustration even without the benefit of color or a 
special elastic tissue stain. The reason this is impor- 
tant is that well-developed elastic cartilage is not 
found in many areas of the body. Aside from the 
externalear and eustachian tube, the only other areas 
with appreciable elastic cartilage are the epiglottis 
and portions of the nasal alae. Thus, the presence of 
well-developed elastic fibers in some cases of pha- 
ryngeal dermoid polyps makes the cartilage identical 
inevery respect to auricular cartilage and very strongly 
supports the developmental relationship to the ear. 
This striking finding is probably the most important 
factor that indicates that these developmental anoma- 
lies are choristomatous accessory auricles. 


The striking and extensive elastic tissue in some of 
these lesions is also an argument against theirrepre- , 
senting meager teratomas. Since elastic cartilage is so 
specialized and sparse in the body, one would not 
expect to find much elastic cartilage in teratomas in 
general, and indeed, this is the case. There was one 
small focus with elastic fibers in one of the AFIP 
nasopharyngeal teratomas, but in most teratomas this 
is not a finding. Also, most of the cartilage in the 
AFIP nasopharyngeal teratomas was more cellular 
and more immature in appearance compared to the 
cartilage in the dermoid polyps, and the overall ap- 
pearance of the cartilage in these two types of lesions 
was quite different. 


After having had the opportunity to see many 
unusual examples of head and neck disease over a 
period of 16 years, the senior author (D.K.H.) be- 
lieves that classifications of pathologic conditions 
are almost certain to fail to easily classify or explain 
all the conditions one will encounter. The multitudi- 
nous variations of the manifestations of disease do 
notalways fitinto thecategorical drawers constructed 
by the pathologist. This is particularly true of the 
wondrous spectrum of biologic variability mani- 
fested in developmental abnormalities.!? Nature does 
not always entirely cooperate with the dividing lines 
of our diagnostic categories and terms. Thus, we do 
not claim to be able to obviously and clearly explain 
by the hypothesis of this paper every example of a 
pharyngeal lesion containing skin. It is possible that 
rare examples of pharyngeal dermoids are meager 
teratomas. For example, the case described by Augh- 
ton et al? seems to mostly fit the category of der- 
moid (hairy) polyp, but it was said to contain a small 
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amount of primitive neural and mesenchymal tissue. 
We do claim, however, that the features of almost all 
pharyngeal dermoid polyps as a group constitute a 
type of lesion that is different enough from the usual 
teratoma in tissue composition and probable devel- 
opmental genesis that it should be categorized as 
different from a teratoma. If the term teratoma is to 
maximally retain its useful connotations, it should 
not become overly broad in scope. Accordingly, an 
accessory auricle (or auricular tag) on the skin of the 
neck is not classified as a teratoma. Certainly, acces- 
sory auricles on the neck do not contain structures 
from all three embryonic germ layers (the endoderm 
is missing), nor do they have as much tissue hetero- 
geneity as do most teratomas. Except for nct being 
located on a cutaneous site, we believe pharyngeal 
dermoid polyps are essentially the same type of 
developmental anomaly as cervical accessory au- 
ricles. 


Although rare teratomas of the temporal bone area 
exist?! it is likely that many of the lesions of the 
middle ear or eustachian tube that have been reported 
as teratomas are actually accessory auricles (dermoid 
polyps). On the other hand, some middle ear dermoids 
seem to actually be dermoid cysts? and in the strict- 
est sense might not be accessory auricles. The exter- 
nal ear canal develops from the first branchial cleft, 
and developmental anomalies that recapitulate this 
process can form subcutaneous dermoid cysts and 
sinuses. Occasionally, one of these might form in 
such a way as to present mainly as a middle ear lesion. 
But the solid and polypoid dermoid lesions of the 
middle ear, eustachian tube, and pharynx develop, we 
believe, from embryological displacements of first 
and second arch tissue with “auricular hillock” po- 
tential (from which the auricle develops), and these 
lesions are appropriately considered to be, and should 
be labeled as, accessory auricles. 
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The mechanisms causing supraglottic and subglottic edema in the human larynx are not fully understood. Substance P (SP)- and 
calcitonin gene-related peptide (CGRP)-containing nerve fibers and mast cells have been suggested to induce inflammation and edema 
in other parts of the body. In this study of the adult human larynx the distribution of mast cells was studied in relation to SP- and CGRP- 
containing nerve fibers. Substance P— and CGRP-immunoreactive nerve fibers and numerous mast cells were found in the epiglottis and 
in the subglottic region of the larynx. Only occasional mast cells and no nerve fibers showing SP- or CGRP-like immunoreactivity were 
found in the vocal cords. In conclusion, the present study has shown that the distribution of nerve fibers showing SP- and CGRP-like 
immunoreactivity and mast cells has a similar regional variability. As the highest density of SP- and CGRP-containing nerve fibers and 
mast cells was present in the regions of the larynx where edema occurs, SP, CGRP, and/or mast cells might be involved in the pathogenesis 


of edema. 


KEY WORDS — calcitonin gene-related peptide, edema, human, larynx, mast cells, substance P. 


INTRODUCTION 


Airway obstruction due to laryngeal edema is 
often a critical condition. The mechanisms causing 
edema in the larynx are not fully understood. There is, 
however, evidence for a functional relationship be- 
tween mast cells and neuropeptide-containing nerve 
fibers when both inflammation and edema occur in 
the airways.! In patients with nasal allergy it has been 
suggested that mast cells located in the nasal mucosa 
play a role in the onset of the-allergic reaction.” 


Neuropeptides present in sensory nerves are tachy- 
kinins such as substance P (SP) and calcitonin gene- 
related peptide (CGRP). Substance P is known to 
participate in the neurogenic inflammatory reac- 
tion,?^ and both SP and CGRP are able to induce 
histamine release from mast cells.5 In the nasal and 
bronchial mucosa, allergens and inhaled irritants 
affect sensory nerve fibers, eliciting a local release of 
neuropeptides, which in turn is an important factor in 
the development of the inflammatory reaction.? 


Recently, we demonstrated the occurrence of a 
regional distribution of mast cells and SP- and CGRP- 
containing nerve fibers in the larynx of the rat. The 
largest number of mast cells and nerve fibers was 
found in the epiglottic and subglottic regions,? ie, the 
regions in which edema occurs in the larynx of 
humans. Comparative information on the distribu- 
tion of peptide-containing nerve fibers and mast cells 


in the larynx of humans is lacking. Therefore, in the 
present study the distribution of mast cells in relation 
to SP- and CGRP-immunoreactive fibers in the hu- 
man larynx was examined. 


MATERIALS AND METHODS 


Immunohistochemistry. Small tissue samples from 
theepiglottis, vocal cords, and subglottic region from 
seven human larynges were obtained at autopsy. The 
deceased had no known respiratory impairment. The 
samples were fixed by immersion overnight in a 
solution of 4% formaldehyde in 0.1 mol/L phosphate 
buffer, pH 7.0, at 4°C. They were then rinsed in 
Tyrode's solution containing 10% sucrose at 4°C for 
24 hours, mounted on thin cardboard in water-soluble 
embedding medium (Miles Laboratories, Naperville, 
Ill), and frozen in propane chilled with liquid nitro- 
gen. 


A series of 10-pum-thick sections were cut, mounted 
on slides precoated with chrome alum gelatin, dried, 
and processed for immunofluorescence. Sections 
stained for nicotinamide adenine dinucleotide-tet- 
razolium reductase (NADH-TR) activity served as a 
reference for tissue morphology.’ 


The immunohistologic procedures have been de- 
scribed in detail elsewhere.!? Briefly, the sections 
were incubated in Triton X-100, rinsed in phosphate- 
buffered saline (PBS), pH 7.2, and incubated in 
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normal swine serum. They were then incubated with 
the primary antibody, washed in PBS, immersed in 
fluorescein-isothiocyanate (FTTC)-conjugated swine 
anti rabbit IgG, washed in PBS, and mounted ina 1:1 
mixture of glycerol and PBS. The sections were 
examined with a Leitz Orthoplane Photomicroscope 
equipped with epifluorescence optics. Incubation 
with the primary antibody was performed for 60 
minutes at 37°C, and incubation with the second 
antibody for 30 minutes at 37?C. 


Antisera. Rabbit antibodies against SP and CGRP 
were used. The SP antibody (code i 675/002, UCB, 
Brussels, Belgium), raised against synthetic SP con- 
jugated to bovine thyroglobulin, is reported by the 
supplier not to cross-react with other known neuro- 
peptides, and was used at a dilution of 1:500. The 
CGRP antibody (code RPN: 1842, Amersham Inter- 
national, London, England), used at a dilution of 
1:100, was raised against synthetic a-CGRP conju- 
gated to bovine serum albumin and is reported not to 
cross-react with other peptides. For control purposes, 
sections were incubated with SP and CGRP antisera 
preabsorbed overnight at 4°C with 10 to 20 ug of the 


Fig 1. Light micrographs of epiglottis. Bars — 25 um. A) In 
section stained with avidin-peroxidase (AP), large number 
of mast cells (arrows) are found on laryngeal surface. B,C) 
Substance P (SP)-immunoreactive nerve fibers (arrows) 
are present in epithelium (E) and lamina propria on laryn- 
geal surface. 





respective peptide (Sigma Chemical Co, St Louis, 
Mo) in 1 mL of antiserum. 


Demonstration of Mast Cells. For the demonstra- 
tion of mast cells, sections from laryngeal tissue fixed 
as described above were stained with avidin-peroxi- 
dase.!! Parallel sections were processed for SP and 
CGRP immunoreactivity in order to evaluate a pos- 
sible topographic association between mast cells and 
nerve fibers. The fixatives used were Mota’s lead 
acetate,!! Lison’s lead acetate,!? Carnoy’s fixative, !? 
and isotonic formaldehyde-acetic acid (IFAA).!4 
After fixation, the specimens were dehydrated in a 
graded series of ethanol and embedded in paraffin. 
Serial sections (5 um) were cut and stained with one 
of the following reagents: 0.1% Alcian blue (pH 5.6), 
0.5% toluidine blue (pH 0.5), avidin-peroxidase,!? or 
chloroacetate esterase.16 Mast cells in sections from 
each anatomic region were counted in three visual 
fields at 40x magnification, and the number of mast 
cells per square millimeter was calculated. 


RESULTS 
Identification of Mast Cells. Mast cells were easy 
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(arrows) are seen in lamina propria. B) Nerve fibers immunoreactive to SP are not found in vocal cord. 


to detect in tissues fixed with either formaldehyde or 
IFAA and stained with avidin-peroxidase (Fig 1A). 
Although a similar number of mast cells was found 
with either fixative, tissue morphology was better 
preserved with formaldehyde than with IFAA. The 
third-best combination of fixative and staining method 
was fixation with IFAA, or Lison's fixative, fol- 
lowed by staining with toluidine blue or chloroacetate. 
The use of Carnoy’s fixative resulted in poor mor- 
phology, and when Alcian blue stain was used with 
any of the fixatives, the mast cells were difficult to 
detect. 


Distribution of Mast Cells and Nerve Fibers Show- 
ing SP- or CGRP-Like Immunoreactivity. Mast cells 
were present in large numbers in the lamina propria 
on both the laryngeal and lingual surfaces of the 
epiglottis, while the epithelium of the epiglottis was 
devoid of mast cells (Fig 1A). Nerve fibers showing 
SP- and CGRP-like immunoreactivity (-LI) were 
found in the squamous epithelium and particularly in 


the lamina propria on both surfaces of the epiglottis 
(Fig 1B,C). 


Mast cells were not found in the squamous epithe- 
lium of the vocal cords, and only occasionally in the 
lamina propria of this region (Fig 2A). Nerve fibers 
displaying SP- or CGRP-LI were not observed in the 
squamous epithelium or in the underlying lamina 
propria (Fig 2B). 


Mast cells were present in the lamina propria 
facing the epithelium and deep in the lamina propria 
but not in the pseudostratified columnar epithelium 
in the subglottic region (Fig 3A). The number of mast 
cells in the lamina propria was about half that found 
in the lamina propria of the epiglottis. Nerve fibers 
showing SP- and CGRP-LI were observed in both the 
epithelium and the lamina propria (Fig 3B-D). Fur- 
thermore, cells exhibiting SP- or CGRP-LI were 
detected in the subglottic epithelium (Fig 4). 


Nerves, Glands, and Blood Vessels. Large nerve 
fascicles were present in the lamina propria, and parts 
of these were composed of fibers displaying SP- or 
CGRP-LI (Figs 5 and 6A). Mast cells were present in 
the nerve fascicles (Fig 6B). 


A few nerve fibers showing SP- or CGRP-LI were 
present close to the acini and ducts of the laryngeal 
glands. No mast cells were found in the glandular 
tissue (Fig 3A). 


The arterioles were supplied with nerve fibers 
displaying SP- or CGRP-LI. The fibers were often 
located at the border between the tunica media and 
the tunica adventitia (Fig 7). Mast cells were fre- 
quently found in the vicinity of the arterioles. 


Association Between Mast Cells and Nerve Fibers. 
In the lamina propria of both the epiglottis and the 
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subglottic region, mast cells and nerve fibers show- 
ing SP- or CGRP-LI were often observed in the same 
region. A close spatial relationship between the mast 
cells and the nerve fibers was never observed in these 
regions, nor was such a relationship noticed in the 
nerve fascicles (Fig 6) or in the walls of the blood 
vessels. 


DISCUSSION 


The present study describes for the first time the 
distribution of mast cells in relation to nerve fibers 
showing SP- and CGRP-LI in the larynx of humans. 
Aninteresting topographic association between these 
structures was, moreover, observed. A new observa- 
tion is also the finding of cells immunoreactive to SP 
or CGRP in the subglottic pseudostratified epithe- 
lium. Cells showing CGRP-LI have frequently been 
described in the epithelium of the larynx, trachea, and 
bronchi of several species, including humars.!7-!9 


Fig 3. Sections of subglottic region pro- 
cessed for A) AP, B,D) SP immunore- 
activity, and C) calcitonin gene-related 
peptide (CGRP) immunoreactivity. 
Bars — 25 um. A) Mast cells (arrows) 
are found in lamina propria but not in 
glands. B,D) Nerve fibers immunore- 
active to SP are shown in epithelium (E) 
and lamina propria (arrows). C) Nerve 
fibers immunoreactive to CGRP (ar- 
rows) are seen in epithelium. 


These cells have been considered to be neuroendo- 
crine2? and to have a modulatory and/or chemorecep- 
tive role.?! Cells showing SP-LI have been found in 
the epithelium of the peripheral airways in guinea 
pigs and humans.?223 


Mast cells were best visualized when the tissue 
was fixed with either formaldehyde or IFAA and 
subsequently stained with avidin-peroxidase. The 
suitability of avidin-peroxidase as a stain for mast 
cells may be explained by the fact that mucosal and 
connective tissue mast cells in humans contain hepa- 
rinlike glycosaminoglycans™ and that avidin reacts 
with heparin.!5 In the rat larynx, heparin-containing 
connective tissue mast cells, but not chondroitin 
sulfate-containing mucosal mast cells,?? can be de- 
tected by avidin-peroxidase staining.? Chloroacetate 
esterase staining does not seem to be a method of 
choice to reveal mast cells in human laryngeal tissue, 
as fewer cells were detected with this method com- 
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Fig 4. Subglottic region processed for demonstration of SP 
showing immunoreactive cell within pseudostratified co- 
lumnar epithelium. Bar — 25 um. 


pared with the avidin-peroxidase staining. Lozewicz 
et al,2° who also found fewer mast cells in human 
bronchi when chloroacetate esterase rather than tolui- 
dine blue was used, suggested that the human mast 
cells are heterogeneous with respect to esterase activ- 
ity. 

There was a large regional variability in the num- 
ber of mast cells in the lamina propria of the adult 
human larynx. A large number of mast cells was 
found in the epiglottis, a moderate number in the 
subglottic region, and very few were present in the 
vocal cords. A similar variability in the occurrence of 
nerve fibers showing SP- and CGRP-LI was found. 
Thus, in the regions in which mast cells were pre- 
dominant, ie, in the epiglottic and in the subglottic 
regions, nerve fibers showing SP- or CGRP-LI were 
present, while in the vocal cords, where no or few 
mast cells were present, these fibers were absent. 
This pattern of covariation resembles that observed 
in the larynx of the rat.? Our observations of SP and 





Fig 5. Nerve fascicle processed for demonstration of 
CGRP showing intraneural immunoreactive nerve fibers 
(arrows). Bar — 25 um. 


CGRP innervation confirm those of Hauser-Kron- 
berger et al,” who demonstrated that nerve fibers 
showing SP- and CGRP-LI occur predominantly in 
the epiglottic and the subglottic regions in the human 
larynx. 

The findings of a high density of SP- and CGRP 
containing nerve fibers and mast cells in the lamina 
propria in the epiglottic and subglottic regions, and 
the occurrence of such fibers and mast cells in asso- 
ciation with blood vessel walls, may have important 
functional implications. The mast cells, which can be 
degranulated by SP and CGRP,>** can bind IgE and 
release mediators known to participate in hypersen- 
sitivity reactions? and in inflammatory processes. 
The agents released, or the response elicited, may be 
modulated by epithelial cells, and the magnitude of 
the response will depend on the concentrations of the 
local factors involved. Both CGRP and SP are 
involved in mechanisms leading to vasodilation and 
plasma extravasation,?99?! Substance P may act di- 
rectly on vessels to produce increased vascular per- 
meability and indirectly, via mast cells and hista- 
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Fig 6. Parallel sections of laryngeal nerve fascicle processed for demonstration of A) SP and B) AP. There is no obvious 
close proximity between mast cells and immunoreactive nerve fibers. v — blood vessels, bars — 25 um. 
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Fig 7. Blood vessel processed for demonstration of SP. 
Immunoreactive nerve fibers (arrows) are found between 
media and tunica adventitia. Bar — 25 um. 


mine, to induce vasodilation. A neurogenic inflam- 
matory reaction induced by SP- and CGRP-contain- 
ing nerve fibers has been shown to occur in the lower 
airways in response to nerve stimulation and me- 
chanical and chemical irritation.’ 32 In hyperreactive 





disorders of the respiratory tract, increased vascular 
permeability is thought to be due partly to activation 
of sensory nerves and partly to sensory nerve—medi- 
ated effects.73 


The existence of a close topographic association 
between nerve fibers and mast cells favors the occur- 
rence of neuropeptide—mast cell interactions.*4 In the 
airways of the pig and rat, mast cells occur in close 
proximity to fibers showing SP- and CGRP-LI.8:35 A 
close spatial association between mast cells and nerve 
fibers was not, however, observed in the present 
study. Still, the distances that SP, CGRP, or mast cell 
mediators are capable of diffusing have not yet been 
determined; according to some authors,?6 neuropep- 
tides can be transported over long distances. 


In conclusion, this study has shown that mast cells 
are abundant in the lamina propria of the epiglottic 
and subglottic regions in the adult human larynx and 
that nerve fibers showing SP- and CGRP-LI are also 
foundin these locations. Thus, there is a morphologic 
correlate between the occurrence of mast cells and 
the effects of SP and CGRP in the regions in which 
edema occurs in the larynx of humans. 
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FIBROSARCOMA OF THE THYROID IN A MAN EXPOSED TO 
FALLOUT FROM THE CHERNOBYL ACCIDENT 
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Since the Chernobyl accident in April 1986, a dramatic increase in the incidence of thyroid carcinoma has been described, especially 
in children. A case of sarcoma of the thyroid in a man exposed to the Chernobyl fallout is presented. Sarcoma of the thyroid is a rare 
finding. The present patient lived in a region that is known to be one of the most exposed to Chernobyl fallout. The case suggests a high 
probability of a relationship between the sarcoma of the thyroid and the exposure to radiation. 


KEY WORDS — Chernobyl fallout, sarcoma, thyroid. 


INTRODUCTION 


Since the Chernobyl accident in April 1986, the 
medical literature has reported a dramatic inczease in 
thyroid cancer, especially in children.! Most of the 
cases are carcinoma, and no sarcoma has been de- 
scribed.? We report the case of a man who suffered 
from thyroid sarcoma 6 years after the accident, who 
had lived in the Gomel oblast (administrative region) 
near Chernobyl. 


CASE REPORT 


A 70-year-old man, recently immigrated to Israel 
from the Gomel region in Belarus, was admitted in 
June 1992 to the otolaryngology department of Ha- 
dassah University Hospital for a right-sided neck 
mass that had been developing over 3 months with 
pain radiating to the right arm, worsening dyspnea, 
and progressive dysphagia. The patient had under- 
gone partial thyroidectomy 28 years earlier for multi- 
nodular goiter and had no history of childhocd irra- 
diation. He had suffered from stable angina pectoris 
for the last decade, treated by nitrates. In the past 2 
months there had been a weight loss of 5 kg. 


Physical examination revealed a mildly dyspneic, 
obese man with a pulse of 60/min and a blood 
pressure of 110/70 mm Hg. There was an old scar (of 
thyroidectomy) in the anterior neck. In the right side 
of the neck there was a 10 x 12-cm nontender solid 
mass with laryngeal deviation to the left. Indirect 
laryngoscopy revealed a narrowing of the supraglot- 
tic area by external compression and a right vocal 
cord paralysis. On neurologic examination there was 
a Horner’s syndrome and a mild weakness of the right 


arm with hypoesthesia in the C5-T1 dermatome. No 
enlarged lymph nodes could be palpated. 


Routine laboratory tests were normal except for a 
urea of 6.7 mmol/L. The level of thyroid-stimulating 
hormone was 30 mU/L (normal: up to 4 mU/L) with 
a triiodothyronine level of 1.28 nmol/L (normal: 1.2 
to 3.0 pmol/L). Electrocardiography showed a sinus 
rhythm with no acute or chronic ischemic pattern. 


A computed tomography scan of the neck and 
chest showed an irregular, partially cystic mass aris- 
ing from the right side of the thyroid gland, with an 
enhancing irregular rim (Fig 1). The mass extended 
into the superior mediastinum and the trachea was 
deviated to the left. Fine needle aspiration was per- 
formed but was not conclusive. The patient was taken 
to the operating room for biopsy. The pathologic 
examination revealed malignant mesenchymal tu- 
mor arising from the thyroid gland, composed of 
pleomorphic spindle cells, diagnostic of high-grade 
softtissue sarcoma. Immunohistochemical stains were 
positive for vimentin and negative for cytokeratin, 
desmin, calcitonin, leukocyte common antigen, and 
chromogranin A. The pathologic conclusion was a 
fibrosarcoma of the thyroid gland (Fig 2). 


Complete surgical excision was judged nonfeasible. 
Therefore, the treatment was surgical debulking and 


external irradiation. The patient was discharged 1 


week after the debulking operation, to be followed up 
by the radiotherapy oncologist. A few days after the 


beginning of the radiotherapy the patient developed 


an acute anterior wall myocardial infarct, and he died 
several days afterward. 


From the Departments of Otolaryngology—Head and Neck Surgery (Sichel, Dano, Elidan), Oncology (Wygoda), and Pathology (Osin), Hadassah 


University Hospital, Jerusalem, Israel. 
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Fig 1. Computed tomogram in axial plane showing huge 
tumor developing from thyroid gland, reaching spine and 
engulfing common carotid artery (arrow). 


DISCUSSION 


The data on radiation-induced thyroid cancers in 
humans come from several sources, including Japa- 
nese atomic bomb survivors,? Marshallese exposed 
to radioactive fallout,^ children irradiated for benign 
conditions,^Ó and long-term survivors of therapeutic 
irradiation.^? 


In most of these studies, a latency period of 10 
years or more was observed between the ionizing 
radiation exposure and the diagnosis of thyroid can- 
cer. This is why the increasing incidence of thyroid 
cancers occurring 4 years after the Chernobyl acci- 
dent raised the question in the medical community of 
the thyroid cancers' link with the explosion. Mean- 
while, this link has statistically been clearly estab- 
lished: from 1978 to 1985 there was a total of 5 cases 


Fig2. Fibrosarcoma, composed of spindle 
cells, displaying high degree of cellular- 
ity, prominent nuclear anaplasia, and 
numerous mitotic figures (H & E, origi- 
nal x250). 


of thyroid carcinoma in children reported in Belarus; 
from 1986 to 1993, 251 new cases were reported, 135 
of them in the Gomel region.* In adults, also, there has 
been an increased incidence of thyroid cancer re- 
ported in Belarus since the Chernobyl accident: 554 
cases between 1982 and 1985; 797 between 1986 and 
1989; and 1,557 between 1990 and 1993.¢ To the best 
of our knowledge none of those cancers were sar- 
coma. In 244 ofthe 251 surgically treated children the 
pathology was papillary carcinoma (229 or 93.9%), 
follicular carcinoma (14 or 5.7%), or medullary car- 
cinoma (1 or 0.4%).* 


However, the relationship between ionizing radia- 
tion and sarcomas is well known and the develop- 
ment of thyroid radioinduced sarcoma has been occa- 
sionally described. 


Griem et al? in 1989 published a case of a 23-year- 
old man who developed a sarcoma of the thyroid 12 
years after neck irradiation for lymphoepithelioma at 
the nasopharynx. The thyroid gland was irradiated in 
this patient to a total dose of 7,000 cGy. 


Of interest, Marks et al!? did an experiment ex- 
posing sheep thyroid glands to ionizing radiation by 
means of daily feedings of small quantities of iodine 
131 for the duration of 5 years. The only definitely 
malignant tumor encountered was a fibrosarcoma of 
the thyroid observed at the age of 53 months in a ewe 
exposed to a level of 5 mCi daily since its fetal life. 


Our patient lived in Gomel at the time of the 
Chernobyl accident. Precise measurements of the 
activity of the iodines were not taken after the explo- 
sion due to their short periods, but a cartography of 
cesium 137 is available and it is thought that this 
should be very similar to the cartography of the 
iodines. In view of this, it is estimated that the 
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contamination by iodine 131 in the Gomel region was 
higher than 150 Ci/km?. (The highest level of con- 
tamination of iodine 131 registered in Belarus was 
1,500 Ci/km2.) Among the six oblasts of Belarus, 
Gomel is by far the one in which the increase in the 
incidence of thyroid carcinoma has been the most 
drastic.1! 


In conclusion, we presented a case of sarcoma of 
the thyroid arising 6 years after the Chernobyl acci- 
dent in an adult who lived in the Gomel oblast at the 
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time of explosion. In view of the extreme rarity of 
thyroid sarcomas and of the very high dose of radio- 
active fallout in this region, we believe that this case 
is to be considered radioinduced. 


As already noticed by Baverstock et al,!? the car- 
cinogenic effect on the human thyroid of radioactive 
fallout is much greater than previously thought, and 
the future will tell us whether, as for differentiated 
carcinomas of the thyroid, an increase in the inci- 
dence of thyroid sarcomas will be observed. 
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INTRODUCTION 


Involvement of the base of the tongue by pleo- 
morphic adenoma is an uncommon and not frequent 
condition. It represents a therapeutic challenge. This 
report presents our experience in managing a patient 
who was found to have a large pleomorphic adenoma 
of this anatomic structure and discusses the subse- 
quent diagnosis and treatment. 


CASE REPORT 


An 82-year-old woman was referred to our depart- 
ment complaining of moderate dysphagia. The symp- 
tom developed over a period of 1 year with progres- 
sive exacerbation. She had no pain on swallowing. 


Examination of her oral cavity showed a lesion in 
the base of the tongue. Fiberoptic direct laryngoscopy 
revealed a mass extending toward the epiglottis with- 





Fig 1. Axial magnetic resonance image reveals lesion 
(arrow) in base of tongue. Shows minimal involvement of 
underlying muscles. 


From the Department of Otolaryngology, University “La Sapienza,” Rome, Italy. 


out displacing it. The tumor measured approximately 
3 x 4cm, was located on the right side, and partially 
overcame the midline. The valleculae were not af- 
fected. The surface was irregular, with a grayish 
tumoral appearance. Normal movement of the tongue 
was detected. Magnetic resonance imaging (MRI) of 
the head and neck was performed and disclosed a 
tongue mass with minimal involvement of the under- 
lying muscles. The tumor had a solid component 
(Figs 1 and 2). No enlargement of the lymph nodes 
was observed in the neck. Local biopsy of the tumor 
was advised. Histologic examination revealed a be- 
nign pleomorphic adenoma (Fig 3). 


3» 


Because of the age of the patient and the benign 
nature of the lesion, we planned a partial removal of 
the mass in order to improve the symptoms. 





Fig 2. Sagittal coronal view reveals solid lesion extending 
toward epiglottis without displacing it. 
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The patient underwent a carbon dioxide laser tu- 
mor removal. Although the tumor was partially eradi- 
cated, the wound healed rapidly by second intention. 
The adenoma persisted after 3 years of follow-up, but 
the patient was symptom-free. On MRI the tumor was 
seen to remain stable with no enlargement. 


DISCUSSION 


The occurrence of a benign pleomorphic adenoma 
of the base of the tongue is rare. A review of the 
available literature revealed that fewer than five 
cases have been reported to date.!-© Their incidence 
among the minor salivary gland tumors is variable 
between 2% and 2.4%.13 It should be pointed out that 
minor salivary gland tumors represent only 9% of all 
salivary tumors.! Diagnosis of this rare pathologic 
condition is relatively easy, being assured by inspec- 
tion of the oral cavity and direct laryngoscopy. Its 





Fig 3. Benign pleomorphic adenoma. A) 
Lesion is not well circumscribed and is 
localized under epithelia (original x4). B) 
Lesion shows clear appearance of both 
stromal and myxoid components (origi- 
nal x25). 


histologic confirmation is obviously given by local 
biopsy.’ 


Imaging studies, particularly MRI for its higher 
resolution power of the soft tissues, provide useful 
information on the nature of the lesion (benign or 
malignant) with specific regard to the involvement of 
the lymph nodes. They are also excellent in delineat- 
ing the extent of the tumor and the status of the 
surrounding structures. 


The treatment of choice of a pleomorphic adeno- 
ma of the base of the tongue is surgical therapy, but 
this depends on various parameters. First, the site and 
size of the tumor might require more extensive sur- 
gery for its total eradication. Different surgical ap- 
proaches are recommended (lateral pharyngotomy, 
midline transhyoid approach, median translingual 
pharyngotomy, anterior mandibulotomy).® 
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The old age and bad general condition of our 
patient obliged us to tailor a less aggressive surgical 
strategy, preferring a partial enucleation of the tumor. 
Such management did not adversely influence the 
clinicalevolution of our patient, who remained symp- 
tom-free at 3 years' follow-up. 
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A favorable outcome was confirmed by the ab- 
sence of tumor regrowth. Should the tumor provoke 
worsening of symptoms, another rationale for treat- 
ment (radical surgical excision or irradiation) linked 
to the specific situation of each case would have to be 
considered. 
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The primitive neuroectoderm and its progeny scemingly give rise to an ever-increasing number of clinicopathologic entities. 
Ewing's sarcoma and peripheral primitive neuroectodermal tumor have recently been united by relatively unique antigens expressed by 
the MIC-2 gene, commonly coexpressed neural markers, and cytogenetic and molecular genetic abnormalities. Because of these factors, 
the current thinking is that Ewing's sarcoma and the peripheral primitive neuroectodermal tumor are parts of a phenotypic spectrum. We 
present an "interim report" on this group of neoplasms, emphasizing their presentation in the head and neck. 


The concept of a primitive neuroectodermal tumor 
(PNET) has been the subject of considerable debate 
and an abundant literature.!-^ At first, the term was 
limited to tumors ofthe central nervous system (CNS), 
where they were traditionally called medulloblastomas 
and preferentially located in the cerebellum.? The 
concept was expanded to peripheral, histologically 
similar, non-CNS tumors and they were called periph- 
eral PNETs (pPNETs), as opposed to central PNETs 
(cPNETs).? With time, each group underwent subdi- 
visions, the most remarkable being in the pPNETs 
(Fig 1). Theclassic peripheral neuroblastoma is much 
more closely related to the cPNETs than the pPNETs, 
in that it and cPNETs partially recapitulate the mo- 
lecular phenotype of immature neurons and other 
precursor cells at different stages in their develop- 
ment. Significant differences exist, however, in their 
chromosomal abnormalities and gene amplification. 
Peripheral neuroblastomas are characterized by dele- 
tions of the short arm of chromosome 1(1p-) and by 
frequent amplifications of N-myc gene. Central 
PNETS show frequent changes of chromosome 17 
and only a limited gene amplification.? 


There is a close relationship between Ewing's 


PRIMITIVE NEUROECTODERMAL TUMORS 








NEUROBLASTOMA 
With or without further 
differentiation 


CENTRAL NERVOUS SYSTEM 


PERIPHERAL NEUROECTODERMAL 
TUMORS (PNET) 


i 
Pigmented 


sarcoma (ES) and pPNETS, including Askin's tumor, 
but only a distant relationship to neuroblastoma.?? 
The ES-pPNET group always lacks N-myc expres- 
sion, unlike nearly half of neuroblastomas and all true 
neuroblastomas that grow in vitro.?$ Also, unlike 
neuroblastomas, ES-pPNETs are not considered to 
be catecholamine producers.^ The cytogenetic trans- 
locations seen in ES-pPNETs are not found in neuro- 
blastomas (see below). There is an absence of HLA 
class I antigen expression, eg, B2-microglobulin, by 
neuroblastomas, but an abundant expression by ES? 
Cell lines from ES, under normal culture conditions, 
do not give evidence of a neural differentiation? 
Treatment with retinoic acid, known to induce neural 
differentiation in cultured neuroblastomas, fails to 
do so with ES cells. On the other hand, there is a 
pronounced neural differentiation by ES cell lines 
treated with cyclic adenosine monophosphate (AMP) 
or phorbol 12-myristate 13-acetate (TPA).? 


A relatively unique antigen expressed by ES is the 
MIC-2 gene and its glycoprotein product p30-32.’ 
Antibodies raised against the protein can demon- 
strate it in over 90% of the ES-pPNET group.? The 
product of the MIC-2 gene is involved in cellular 


Fig 1. Subdivision of primitive neuroectodermal 
tumors into three major groups. Peripheral group 
is further divided into at least three subtypes. 
ES — Ewing's sarcoma. 


Medulloblastoma Other cPNETs Askin tumors ES/pPNET 
with neural differentiation Neuroecto- 
and/or mesenchymal, dermal tumor 


melanocytic differentiation 
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TABLE 1. IMMUNOCYTOCHEMICAL DIFFERENTIAL DIAGNOSIS OF SELECTED “SMALL, BLUE, ROUND CELL 
TUMORS” OF HEAD AND NECK 


. Tumor p30-32 MIC-2 NF 
ES-pPNET 96 
Neuroblastoma 0 
Rhabdomyosarcoma 3 

Modified from Wang et al.? 


Percent of Tumors With Antigens 


Myogenin Desmin MSA 
0 12 0 
0 0 0 
95 100 91 


NF — neurofilaments, MSA — muscle-specific actin, ES — Ewing’s sarcoma, pPNET — peripheral primitive neuroectodermal tumor. 


adhesion processes, but the gene is not associated 
with the translocations considered specific for this 
group of tumors. It is an independent characteristic, 
but is not a tumor-specific antigen, since it is nor- 
mally expressed as a component of the T-cell recep- 
tor complex. As may be seen in Table 1,? the demon- 
stration of MIC-2 gene products is a rather strong 
indicator of the ES-pPNET group of neoplasms.? 
This view is shared by Grier,!? Lee et al,!! Jürgens,!? 
and Kovar et al, despite its presence on lymphoid, 
ependymal, and endocrine cells.14 


EWING'S SARCOMA AND PRIMITIVE 
NEUROECTODERMAL TUMORS IN 
HEAD AND NECK 

In the head and neck, after exclusion of a nodal or 
extranodal lymphoma, the differential diagnosis of 
small, blue, round cell tumors centers on rhabdomyo- 
sarcoma, primary or secondary neuroblastomas, and 
the ES-pPNET tumor group. Because of the too- 
frequent limitations of hematoxylin and eosin light 
optic examination, immunohistochemical and elec- 
tron optic studies are necessary for resolution. Nei- 
thertechnique is capable of 10090 accuracy, specific- 
ity, or sensitivity. 


Differential Diagnosis. Since our concern in this 
report is with the ES-pPNET group of neoplasms, we 
will only briefly address the elimination of rhabdo- 
myosarcomas from the differential diagnosis. The 
recent recognition of the role of myogenic regulatory 
proteins in skeletal muscle development and differ- 
entiation has provided monoclonal antibodies to aug- 
ment the current standbys — desmin and muscle- 
specific actins.!5 The myogenic regulating proteins 


TABLE 2. CYTOGENETIC TRANSLOCATIONS AND 
ASSOCIATED FUSION GENES IN THREE SOFT 


TISSUE SARCOMAS 
Fusion 
Neoplasm Translocations Genes 
ES-pPNET t(11;22)(q24;q11.2-12) EWS/FLI-1 
t(21;22)(q22;q12) EWS/ERG 

Clear cell sarcoma —  t(12;22)(313-14;312) EWS/ATF-1 
Desmoplastic small 

round cell tumor t(11;22)(p13;q12) EWS/WT-1 


Modified from Bridge.!6 


of the myogenic determination family play a critical 
role in the commitment of mesenchymal progenitor 
cells to a myogenic lineage and then the differentia- 
tion and maintenance of a skeletal muscle pheno- 
type.?:15 The regulating factors also enjoy a temporal 
expression advantage in that they (myogenin and 
others) are expressed much earlier in the differentia- 
tion of normal skeletal muscle than desmin, actin, or 
myosin.}5 


Wang et al,? using a heat-induced epitope unmask- 
ing technique and deparaffinized, formalin-fixed tis- 
sues, compared the sensitivity and specificity of 
several antibodies, including those against myogenin 
and muscle-specific actin, in an immunohistochemi- 
cal study of rhabdomyosarcoma, ES and pPNET, and 
neuroblastoma (Table 1). Although the sensitivity of 
antimyogenin is slightly less than that of antidesmin 
in the Wang et al? study, the specificity of myogenin 
is better than that of antibodies to desmin; eg, desmin 
antibodies do not distinguish between skeletal and 
smooth muscle differentiation, and desmin expres- 
sion has been noted in nonmyogenous neoplasms.? 


Cytomolecular Genetics. That ES and pPNET are 
histogenetically related tumors has been amply dem- 
onstrated, not only by ultrastructural findings and 
immunohistochemical similarities, but also by a shar- 
ing of unique chromosomal translocations.!6 Until 
more distinctions between the two neoplasms can be 
defined, itis probably bestto consider ES and pPNET 


100 Der 
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Fig 2. Survival of patients with Ewing's carcinoma of 
gnathic bone (head and neck) compared to all other osse- 
ous sites. Modified from Siegal et al.28 
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TABLE 3. EXTRAOSSEOUS EWING’S SARCOMA 


Sex: Slight male predominance 
Age: Mean age at diagnosis = 11.2 years 
Primary site (%) 
Trunk 32 
Extremities 26 
Head and neck 6 
Parameningeal 9 
Orbit 2 
Intrathoracic 3 
Pelvis 2 
Genitourinary 1 
Other 1 
Adapted from Shimada et al.?? 


as the opposite ends of a spectrum of a closely related 
group of tumors called ES-pPNET.!7 


The most compelling evidence linking ES and 
pPNET is the cytogenetic translocation t(11;22)(q24; 
q11.2-12), in 8596 to 9096 of the tumors analyzed.!6 
As a consequence of this translocation, the 5' portion 
of the EWS gene from band 22412 is fused to the 3' 
portion of the FLI-1 gene from band 11q24.1*.1? The 
fusion results in the formation of a hybrid EWS-FLI- 
] protein. This EWS-FLI-1 contributes to the trans- 
formed phenotype of ES cells by inducing a deregu- 
lated activation of genes, or an unscheduled activa- 
tion of genes, or both.!8-1? In addition to the EWS- 
FLI-1 fusion, the EWS gene can also be fused to 
ERG, another transcription factor closely reiated to 
FLI-1, but found on chromosome 21 and yielding 
another cytogenetic variant — t(21;22)(q22:q12).!9 
Both FLI-1 and ERG gene products are regulators of 
transcription activators. 


According to Bridge,!® no fully typical ES or 
pPNET lacks an EWS—FLI-1 or an EWS-ERG fusion 
transcript. 


The promiscuous nature of the EWS gene on 
chromosome 22 is amply demonstrated by its partici- 
pation in four separate translocations (Table 216) 
associated with three separate tumors: the two mem- 


TABLE 4. SERIES TABULATION OF PERIPHERAL 
PRIMITIVE NEUROECTODERMAL TUMORS 


Cases 
Anatomic Location No. % 
Thoracopulmonary* 12 46 
Head and neckt 11 42 
Other 3 12 


N = 26; data extracted from Jones and McGill.*4 
*Paravertebral 8, chest wall 4. 


tNeck 3, parotid gland 1, larynx 1, scalp 1, mandible 1, pterygomaxil- 
lary space 1, paranasal sinus 1, nasal cavity 1, retropharynx 1. 


bers of the ES-pPNET group, desmoplastic small 
round cell tumor, and clear cell sarcoma (also called 
amelanotic melanoma of soft parts).1 The ESs and 
pPNETS also share a consistent pattern of proto-on- 
cogene expression, ie, c-myc, n-myc, c-myb, c-mil- 
raf1, and db1.*16 


Insummary, the ES-pPNET group is characterized 
by reciprocal translocations that result in the forma- 
tion of chimeric genes having the properties of tran- 
scriptional regulators. The outcome is an expression 
of similar disease (neoplastic) phenotypes.!® 


Histogenesis. The ES-pPNET group comprises 
osseous and nonosseous ES, malignant peripheral 
neuroectodermal tumor of bone and soft tissues, the 
clinical and topographic variant of malignant periph- 
eral neuroectodermal tumor occurring in the thora- 
copulmonary region, known as Askin's tumor, pig- 
mented neuroectodermal tumor, ectomesenchymoma, 
and the very rare peripheral medulloepithelioma. We 
have excluded olfactory neuroblastoma because of 
contradictory findings.?? 


Current thinking places the osseous ES as the most 
common and least differentiated pPNET, with the 
others falling in a spectrum of the same basic neu- 
roectodermal tumor system with various degrees of 
neural differentiation.?21-22 This thesis presupposes 
a common histogenesis that, unfortunately, is diffi- 
cult to prove. In that regard, the rounding up of the 
usual suspects, the neural crest cells, does not accom- 


TABLE 5. IMMUNOHISTOCHEMICAL PROFILE OF ES-pPNET 


LLLA ————— 


Antibody 

Cytokeratin 

Neurofilaments Negative 
Glial fibrillary acidic protein Negative 
Neuron-specific protein Negative 
S-100 protein Negative 
Leu 7 Negative 
Chromogranin Negative 
Antibodies against MIC-2 gene product Pos:tive 
Desmin Negative 


Positive on occasion (less than 5%) 


ES pPNET 


Positive on occasion (up to 10%) 
Positive on occasion 

Positive on occasion 

Positive 

Positive in about 50% of cases 
Positive in about 30% of cases 
Positive on occasion 

Positive 

Positive on occasion 


Modified from Schmidt?! 
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Fig 3. Cells of Ewing’s tumor of bone have 
smooth surfaces that tend to be intimately 
apposed, but cell junctions are scattered, 
tiny, and primitive, and they can barely be 
identified at low magnification (original 
x4,200). In this classic example, nuclei have 
smooth contours and small nucleoli. Some 
mitochondria can be seen, but main feature 
of cytoplasm is electron-lucent zones that 
are lakes of glycogen. 


modate all of the tumors; nor does neuroectoderm, 
the forebear of crestogenic cells. Only in the cephalic 
region do the neural crest cells have an ectomesen- 
chymal potential, and the head and neck is not an 
anatomic region of predilection for either ES or 
pPNETs.*3*4 Neuroblastomas are considered neo- 
plastic derivatives of the neural crest, but they are 
only remotely related to the ES-pPNET group. Unex- 
plained, also, is the usually benign clinical course of 
the pigmented neuroectodermal tumor of the anterior 
maxilla, if it is a member of a group of tumors 
typically characterized by a highly malignant course. 
The removal of the neural crest theory leaves us with 
the equally non-intellectually satisfying *uncommit- 
ted pluripotential cell” that can express a neural 
phenotype, as well as epithelial and myogenic differ- 
entiation.25 


Ewing's Sarcoma of Jaws. Ewing's sarcoma ac- 
counts for 4% to 7% of all primary bone tumors.?Ó 
The long bones of the extremities and the pelvis 
comprise 58% and 20% of all documented cases, 
respectively.? The ribs rank third in frequency. In 
contrast, only 3% arise in the skull and jaw bones.? 
Metastasis of an ES to jaw bones is rare, representing 
0.2% to 1.5% of all reported cases of the tumor.*’ The 
mandible, particularly the posterior part, has a 2:1 
higher incidence of primary origin than the maxilla.26 


In 1990, Wood et al? recorded the 105th case of 





ES involving jaw bones. Primary lesions exceeded 
metastatic lesions 98 to 7 (14:1). The average age at 
diagnosis was 15.9 years with a range of 2 to 44 years. 
There was nearly an equal involvement of sexes. 
Ewing's sarcoma of the jaws is predominantly a neo- 
plasm of white persons and is rare in blacks. Swelling 
of the afflicted area, often accompanied by pain, is 
the most frequent complaint. A laminar periosteal re- 


sponse by itself is not a feature of this disease in the 


jaw bones. A common radiologic feature is that of 
a poorly defined osteolytic lesion, which may have 
some sun-ray spicules of periosteal bone. Other com- 
mon signs include a soft tissue mass adjacent to the 
destructive site and a destruction of cortices of fol- 
licles or unerupted teeth. 


Location of ES of bone is considered the single 
most important predictor of clinical behavior; eg, 
long bone primaries are associated with a signifi- 
cantly better prognosis than those in the pelvis.7? 
Gnathic bone ES is credited with a significantly 
lower mortality compared with all other primary sites 
(Fig 228). A primary involving cervical vertebrae, 
however, is associated with a very poor outlook.?8 


Before multiagent chemotherapy, the overall 5- 
year survival for ES of bone was 16%, and of the 
survivors, one fourth died of their disease after 5 
years. Integrated therapies, including surgery, irra- 
diation, and multiagent chemotherapy, have improved 
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the 5-year survival for localized disease to 54% to 
7490.25 


Extraosseous Ewing's Sarcoma-pPNET of Head 
and Neck. Extraosseous ESs, some but not all of 
which have an association with a large nerve, are not 
without controversy over histologic criteria. None- 
theless, several series, dealing with a uniform collec- 
tion of tumors, have provided accepted clinicopath- 
ologic assessments. Shimada et al,?? after a pathol- 
ogy review of the Intergroup Rhabdomyosarcoma 
Study I and II cases, reported on 84 cases of extra- 
osseous ES. Table 32 lists several clinical aspects of 
these cases. The primary site designations are those 
of the Intergroup. Combining Intergroup regions, 
"head and neck, parameningeal and orbit," the num- 
ber and percent of extraosseous ES cases in the head 
and neck are 15 and 17.896, respectively. This is 
considerably higher than the 4.896 reported by Rud et 
al?? in their analysis of Mayo Clinic patients. Rud et 
al also found extraosseous ES to be an aggressive 
disease with high rates of local recurrence and distant 
metastases. The overall 5-year survival of 48% in 
their patients treated after 1970 speaks to the lethality 
of the tumor. The average survival after pulmonary 
metastases in the Mayo Clinic patients was 10 months. 
Rud et al conclude that neither surgery alone nor 
chemotherapy and irradiation alone is sufficient for 
achieving a long-term disease-free survival. In every 
case, adjuvant multiagent chemotherapy should be 
considered, since ES is viewed as a systemic disease 
even when it is clinically localized. 


Because of the relatively recent delineation of 
criteria for the diagnosis of pPNET, the incicence is 
not possible to state. It is possible that as many as half 
of tumors previously diagnosed as ES are pPNETs.* 


Fig 4. Cells of this peripheral neuroecto- 
dermal tumor resemble those of Ewing's 
tumor, but short dendritic processes lie 
between cells, individually or in small 
groups (original x7,400). Inset) Two ad- 
jacent processes in cross section (original 
x14,000). Larger one contains some mi- 
tochondria and dense-core granules; small 
circles in other process are microtubules. 


Peripheral PNETs can occur in any age group, with 
a peak in adolescence (median age 11 to 22 years). 
There is no sex predominance. In a report from 
Children's Hospital and the Dana Farber Cancer 
Institute, Boston, Mass, 11 of 26 pPNETs were in the 
head and neck (Table 474^). The tumors manifest a 
rapid clinical progression. Metastases are often noted 
at the time of diagnosis (approximately 3096).7 


A multimodality regimen, like that for ES, is the 
current therapy. Even with this, survival is poor. 
Jones and McGill” report that only 65% of their 
patients were alive within 2 years of diagnosis. Me- 
tastasis at diagnosis further decreases survival. 


CONCLUSIONS 


We have indicated in the title of this report that it 
is an interim report. This is an acknowledgment that 
the concept of a PNET is still evolving. From a 
molecular biology standpoint, the recent findings are 
exciting. From a practical diagnostic and therapeutic 
perspective, however, is the separation of the ES- 
pPNET group into separate clinicopathologic entities 
of any advantage? 


Table 5?! presents an immunohistochemical pro- 
file of ES and pPNETs. The use of the term "on 
occasion" is unqualified as to frequency and refers 
only to immunophenotypes possibly found in any 
given tumor. There is immunoreactivity overlap. 


Electron optic identification of neurosecretory- 
type granules associated with microtubules and inter- 
mediate filaments, presumably neurofilaments, sepa- 
rates the “classic” ES from a pPNET?! (Figs 3 and 4). 


The prognostic significance of neural differentia- 
tion seen in pPNETs is unsettled, despite allusions 
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that survival rates in pPNETs are lower than in ES. 
The comparability of therapeutic strategies is another 
indicator that any current separation of the ES-pPNET 
group does not provide an advantage. 


There is a possibility that additional cytogenetics 


can detect patients with very aggressive tumors. 
Sainati et al,3? for example, have found that deletion 
or rearrangement of all or part of the short arm of 
chromosome 1 in pPNETs is associated with a poor 
outlook and general nonresponsiveness to chemo- 
therapy. 
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BOOK REVIEWS 


Color Atlas of Oral Diseases 


Second edition. George Laskaris. Hard cover, indexed, illus- 
trated, 386 pages, 1994. Thieme Medical Publishers, New 
York, NY, $99. — 


This second edition expands the previous edition published in 
1988 by including new ‘chapters and illustrations on human 
immunodeficiency virus infections and acquired immunodefi- 
ciency syndrome and renal diseases. In his preface to the second 
edition the author states that “nineteen new illustrations of dis- 
eases published in the first edition have been added to broaden the 
spectrum of clinical presentation of these entities.” 


DENNIS G. PAFPAS, MD 
Birmingham, Alabama 


Imaging of the Head and Neck 


Galdino E. Valvassori, Mahmood F. Mafee, and Barbara L. 
Carter. Hard cover, illustrated, indexed, 548 pages, 1995. 
Thieme Medical Publishers, New York, NY, $199. 


This book follows Head and Neck Imaging, by basically the 
same authors, written in 1988. New chapters include the one on 
the orbit, mandible, and applications of ultrasound and diagnos- 
ing head and neck pathology. This is not to say that the 1988 
volume is now obsolete, because I do not think that there are any 


monumental changes in imaging of the head and neck, especially 


in contrast to the authors’ 1982 publication, which was titled 
Radiology of the Head and Neck, a book that became obsolete 


because of the exponential changes that occurred in computeriza- . 


tion and development of nonionizing magnetic resonance tech- 
` niques. | 
Magnetic resonance imaging (MRD) continues to be more 


instrumental in diagnosing lesions of the cochlear and vestibular 
systems, though this seems to be more for images shown at 
meetings, rather than in everyday clinical practice, where these 
types of lesions do not so cleverly show up in these studies, An 
example is the “lighting-up effect" produced by a viral lesion in 
the fluid of the labyrinthine system. Of interest, MRI is the choice 
of study (rather than computed tomography [CT]) in vestibular 
aqueduct and endolymphatic sac assessments. Also, if one ex- 
cludes the carotid artery, magnetic resonance angiography seems 
not to be that important in routine clinical practice at this time. 
This technology will change, surely, in the near future. 

Most images shown in this book are of extremely high quality. : 
Many times, T1- and T2-weighted images are included in the 
illustrations. I like the fact that these authors have used numbers, 
letters, and arrows to identify structures, rather than bridge lines 
with label structures and names, which is so often done in such 
textbooks. Cadaveric sectioned specimens and line drawings are 
very helpful, as demonstrated in this text. Conventional radiog- 
raphy has not been neglected in this book, and obviously, conven- 
tional radiographs remain the starting point of many imaging 
studies. The skull base material is very brief. 

The practice of head and neck medicine has been profoundly 
Changed by imaging techniques, and this book, more so than 
many similar ones, shows how imaging has been made more 
relevant and more exciting. Prior to CT, there was no way to 
demonstrate the soft tissue depth and infiltration of a head and 
neck lesion, such as a nasopharyngeal carcinoma. Sound knowl- 
edge of CT and MRI is a prerequisite of head and neck medicine, 


. and this book does much to provide some of this knowledge. It is 


recommended to all otolaryngologists, but mainly to those who 

have not read the previous volume from 1988. 
DENNIS G. PAPPAS, MD 
Birmingham, Alabama . 
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MANAGEMENT OF CERVICAL METASTASES IN 
SUPRAGLOTTIC CANCER 


R. THEO GREGOR, PHD, FRCS 
CAPE TOWN, SOUTH AFRICA | 
AUGUSTINUS A. M. HART, MSC 
AMSTERDAM, THE NETHERLANDS 


Swi S. OEI, MD 
AMSTERDAM, THE NETHERLANDS 
ALFONS J. M. BALM, MD 
AMSTERDAM, THE NETHERLANDS 


FRANS J. M. HILGERS, MD 
AMSTERDAM, THE NETHERLANDS 
RONALD B. KEUS, MD 
AMSTERDAM, THE NETHERLANDS 


A retrospective review of patients from 1979 to 1988 was performed to assess the efficacy of neck dissection, prognostic factors, 
and the philosophy of treatment of the neck in supraglottic cancer. Of the 89 patients available for analysis, 26 were managed by horizontal 
partial laryngectomy (HPL), 44 by primary radiotherapy (RT), and 19 by total laryngectomy (TL). A total of 41 patients from the group 
had 63 neck dissections (NDs); 22 had bilateral and 19 unilateral dissections. A correlation of the pN with N staging revealed that when 
presenting with N2a nodes (>3 cm), one third had contralateral metastases, and with N2b (multiple), 100% had contralateral metastases. 
In multivariate analysis of the disease-free interval, age and staging emerged as independent prognostic variables. Although we observed 
no increased morbidity by dissecting the opposite side, our results did not support routine bilateral neck dissection in NO patients. 
However, when the nodes are larger than 3 cm, or ipsilateral and multiple, bilateral neck dissection is recommended. 


KEY WORDS — lymph nodes, neck dissection, partial laryngectomy, radiation, supragottic laryngeal cancer. 


INTRODUCTION 


The management of squamous cell carcinoma of 
the supraglottic larynx requires a different philoso- 
phy than that of glottic tumors; because of the tissues 
involved and the natural areas of spread of supraglottic 
tumors, the lymphatic system is involved at a much 
earlier phase in the disease, and thus, neck nodal 
metastases are much more common. The main ques- 
tion that remains is whether or not, in the patients in 
whom clinical metastases are not apparent, steps 
should be taken to eradicate occult metastases. If the 
decision is made to do this, should it be by surgery or 
by irradiation, and should it be only on the side of the 
lesion or on both sides? 


Supraglottic cancer is defined as a lesion affecting 
the area above the true vocal cords, and includes the 
roof and lateral walls of the sinus of Morgagni, the 
false vocal cords, the aryepiglottic folds, and the 
laryngeal side of the epiglottis. Invasion may take 
place in the preepiglottic space, the base of the 
tongue, and the prelaryngeal strap muscles, as well as 
the pharynx, usually the pyriform fossa.! These areas 
all have a rich lymphatic supply, accounting for the 
fact that neck metastases are so frequent.” Although 
an examination of the barriers and compartments 
involved shows that cancer may easily spread from 
the supraglottis,? in certain patients local excision of 
the supraglottic area by horizontal partial laryngec- 


tomy (HPL) has been documented as being onco- 
logically sound.45 


The remaining dilemma is the question of the 
initial treatment of the neck. Given the fact that nodal 
metastases are common, many may be in the occult 
(not clinically detectable) phase at initial presenta- 
tion. Also, the nature of supraglottic disease is such 
that it must often be considered as a midline lesion, so 
that potentially bilateral occult nodes may exist. It has 
been suggested that for this reason, bilateral routine 
neck dissection should be performed, or that the 
neck should be irradiated electively in all patients." 


In an attempt to resolve this impasse, we decided 
to evaluate our most recent patients for whom 5-year 
statistics were available. End points in this retrospec- 
tive study were to assess how the presence of ipsilat- 
eral and contralateral neck metastases influenced the 
outcome of treatment in this group of patients, and 
what the effectiveness was of surgery in preventing 
relapse. Particularly, we wanted to define the most 
significant prognostic factors in relation to disease- 
free interval, and finally, to use this information to 
ascertain what the approach to treatment of the neck 
in supraglottic cancer should be. 


PATIENTS AND METHODS 


A retrospective review was performed of the clini- 
cal course of all patients presenting with supraglottic 


From the Departments of Otolaryngology~Head and Neck Surgery (Gregor, Hilgers, Balm) and Radiotherapy (Oei, Hart, Keus), Netherlands Cancer 


Institute, Amsterdam, the Netherlands. 


Presented at the meeting of the American Laryngological Association, Palm Desert, California, April 29-30, 1995. 
CORRESPONDENCE — R. Theo Gregor, PhD, FRCS, Dept of Otolaryngology, The University of Stellenbosch, Tygerberg Hospital, PO Box 19063, 


Tygerberg 7505, Western Cape, South Africa. 
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TABLE 1. P VALUES FROM PROPOR. TIONAL HAZARD (LIKELIHOOD RATIO TEST) ANALYSIS 


Age 14 ; 


Regional 
Variables Recurrence 
T classification ,13 
N classification .0056 
Staging 
pT classification .74 
pN classification 
p stage 
No. positive nodes .44 
Bilateral neck dissection .24 
Transcapsular spread .93 


laryngeal cancer over the 10-year period from 1979 
to 1988. There were 105 patients seen; 11 were 
excluded because they were not seen after the. r initial 
presentation. This left an evaluable group of 94 
patients, of whom 26 were managed by (supraglottic) 
HPL, 44 by primary radiotherapy (RT), and 19 by 
total laryngectomy (TL). Five patients for various 
reasons received no treatment at all, so that the 
analysis was performed on the 89 treated patients. 


The following variables were submitted to uni- 
variate and multivariate analysis of the disease-free 
interval: sex, age, unilateral versus bilateral primary 
tumors, T and N classification, staging (UICC),5 and 
the levels of the nodes.? We noted the pathologic T 
and N classifications, the number of positive nodes, 
the existence of bilateral positive nodes, the features 
of transcapsular nodal spread, whether or not tae neck 
dissections were radical, and whether or not the 
patients had bilateral neck dissections. The p values 
were calculated from the proportional hazard mode 
(likelihood ratio[LR] test). Interval and ordinal vari- 
ables were assumed to be linearly related to LR 
(hazard). 


supraglottic cancer 1979 - 1988 regional recurrence 
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Fig 1. Five-year cumulative regional (reg.) recurrence 
versus N staging, 1979 to 1988. By univariate ana ysis, 
this was highly significant (p = .0056). 


Metastases Disease-Free Disease-Free 
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015 .0005 
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The patients who had neck dissections had their 
specimens submitted to histologic examination and 
pathologic (pN) staging, and thus the N and pN 
classifications could be compared and correlated. 
Other histologic parameters entered into the analy- 
sis were the number of positive nodes and bilateral 
positive nodes, the presence or absence of transcap- 
sular spread, and whether the neck dissection had 
positive margins or not. Another parameter entered 
was whether or not a bilateral neck dissection was 
performed. 


RESULTS 


The overall crude 5-year survival was 51%, and the 
present vital status is as follows: 33 alive without 
disease, 19 dead of disease, and 37 dead of other 
causes, ie, intercurrent disease (23) and second pri- 
maries (14). The disease-specific 5-year survival was 
73% overall, 81% for the HPL group, 75% for the RT 
group, and 67% for the TL group. The results of the 
different treatment modalities have been reported 
elsewhere.? Observed regional recurrence rates at 5 
years were lower for the surgically treated patients 
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Fig 2. Five-year cumulative rate of distant metastases 
versus N staging, 1979 to 1988. By univariate analysis, 
this was highly significant (p = .0001). 
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supraglottic cancer 1979-1988 disease-free interval 
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Fig 3. Five-year disease-free interval curves for patients 
<65 and >65 years old. By multivariate analysis, age and 
staging emerged as independent prognostic variables. 


(TL 11.2%, HPL 14%) and higher for the RT patients 
(21.3%), but these differences may well be due to 
chance. 


Prognostic Factors Regarding Disease-Free In- 
terval. The results of the univariate and multivariate 
analyses were as follows (Table 1). Univariately, 
there is evidence of a relationship between disease- 
free interval and age (p s .015), T stage (p s .04), N 
stage (p = .0012), and staging (p « .0003). However, 
after stepwise analysis, only age (p = .0005) and 
staging (p < .0001) emerged as independent prognos- 
tic variables. The presence or absence of nodal me- 
tastases at presentation is strongly related to the 
outcome of the treatment in terms of regional recur- 
rence (Fig 1, p 2.0056) and of distant metastases (Fig 
2, p 7.0005). Not one of the 43 NO patients developed 
distant metastases. Figure 3 shows the relationship 
between disease-free interval and two variables (age 
and staging) combined. It is clear from this that the 
patients of 65 years and older did much worse in 
terms of disease eradication, as did patients in higher 
stages. 


Neck Dissection Related to N Classification. N 





T classification 


N classification 


classification, T classification, and staging for the 89 
patients are shown in Fig 4, where it is seen that 43 
patients were NO and 46 had clinical nodes enlarged 
at presentation. Of these, most patients had nodes in 
level II (40), and only 16 had nodes in levels III, 3 in 
level V, and 1 inlevel VI.? Table 2 and Fig 5 show the 
relationship between the side of the neck nodes 
clinically and the side of the neck dissections. A total 
of 41 patients from the group had 63 sides of their 
necks dissected. Nineteen patients had unilateral neck 
dissections (10 left and 9 right), and 22 had bilateral 
neck dissections. (Figure 5A shows the breakdown of 
these related to the side of the clinical nodes.) Of the 
4] patients who had neck dissections, 30 had positive 
nodes and 11 negative (Fig 5B). Seven NO patients 
had an elective neck dissection, of whom only 1 had 
positive nodes. Of the 46 patients with clinical nodes, 
34 had therapeutic neck dissections, of which only 5 
were negative. Ten patients with only clinically ap- 
parent unilateral nodes (Fig 5A) had had bilateral and 
therefore contralateral elective neck dissections. Nine 
of these 10 were positive for cancer contralaterally. 
Of the 14 patients with clinically bilaterally apparent 
nodes, 8 had bilateral neck dissections, of whom 6 
had histologically positive nodes bilaterally, 1 had 
positive nodes on one side only, and the other had no 
positive nodes. Six of these 14 patients received only 
RT because they were in extremely poor condition.? 


Nodal Metastases Related to Primary Tumor. Table 
3 shows the relationship of side of the primary to 
clinical nodal metastases. Tumors that were centrally 
located and involved both sides of the supraglottis 
were classified as “bilateral,” and those that only 
involved one side of the supraglottis, eg, one aryepi- 
glottic fold, were classified as left- or right-sided. In 
the one-sided primaries (19 left and 13 right), there 
were no contralateral nodal metastases. With the 
bilateral primary tumors, however, the incidence of 
bilateral nodal metastases was nearly 25% (14 of 57 
patients). This is reflected in the clinical attitude of 
the clinicians by the fact that only 1 patient with a 


stage lI 


Staging 


Fig 4. Pie diagrams showing T and N classification and staging for 89 supraglottic larynx carcinoma patients, 1979 to 1988. 
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TABLE 2. NECK DISSECTIONS PERFORMED IN RELATION TO CLINICAL NODES DETECTED 


Clinical 

Nodal No. of Pts Not Left Sides 

Status Pts Dissected Dissected 
NO 43 36 6 
Left 16 4 12 
Right 16 2 6 
Bilateral 14 6 8 
Total 89 48 32. 


unilateral primary had a contralateral.node dissec- 
tion. Table 4 shows, however, that there is no clear 
correlation between T and N staging. 


Relationship Between Preoperative N and Postop- 
erative pN Classifications. The preoperative classifi- 
cation was compared to the pathology results of the 
63 specimens in the 41 neck-dissected patients. Near- 
ly one third of N1 patients (n = 16) had contralater- 
al positive nodes. When the presenting nodes were 
larger than 3 cm (N2a, n = 6), one third had contralat- 
eral positive nodes. When the ipsilateral noces were 
multiple (N2b, n = 2), 100% had contralateral me- 
tastases. Only 14.3% of NO necks were upstaged to 
pN1. There were some clinical false positives in the 
patients with bilateral nodes (n = 8): 12.5% were 
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Fig 5. Organizational charts showing relationship ofneck 
dissections to side of clinical nodes. A) Relationship of 
neck dissections performed to nodal status (in oval zones); 
figures below refer to patient numbers and neck dissec- 
tions they had (eg, N left 16 — 16 patients with left-zided 
nodes). bil — bilateral. B) Neck node status in neck- 
dissected (ND) and non-neck-dissected patients (No ND), 
showing 5-year regional recurrence (rec) rates and clinical 
nodal status (in oval zones) and histologic status bzlow 
(eg, +ve — histologically positive). 


Bilateral 
Right Sides Total Sides Dissections 
Dissected Dissected (No. of Pts) 
5 11 4 
4 16 4 
14 20 6 
8 16 8 
31 63 22 


actually NO and 12.5% were only unilaterally in- 
volved. 


Regional Control. There were 12 regional recur- 
rences among the 89 patients: 3 of 41 from the 
patients who received neck dissections (5-year cu- 
mulative recurrence rate 9%) and 9 of 48 from the 
patients who did not receive neck dissections, having 
received RT alone (recurrence rate 21%). This differ- 
ence may still be due to chance (p = .11). Of the first 
group, 2 patients received supraglottic laryngectomies: 
] of these had a unilateral and the other a bilateral 
neck dissection. The latter patient had a recurrence on 
the left, where an extensive radical neck dissection 
including skin was performed. The other patient had 
arecurrence on the opposite side. Both these patients 
died of distant metastases. The third patient also had 
a recurrence on the opposite side. This patient was 
treated by TL and right radical neck dissection and 
developed nodes on the left soon after treatment. 
Salvage left neck dissection failed, and the patient 
died of persistent regional disease with superior vena 
cava syndrome. In summary, of the neck-dissected 
group, there were 3 recurrences, of which 2 were on 
the unoperated side. Neck dissection failed in only 1 
of 41 cases to eradicate neck disease. 


Postoperative Irradiation. The indication for post- 
operative RT was based on the following criteria: 
positive margins in either the primary or the neck 
dissection; 2 or more positive nodes; or transcapsular 
spreadin the nodes. Of the surgically treated patients, 
24 of 45 (12 HPL and 12 TL) received postoperative 
RT because they fulfilled the above criteria for this. 
Of the 24 patients, 8 had positive margins of the 
primary lesion, and 20 fulfilled regional spread crite- 
ria. For none of the pathologic variables tested — 
positive margins of primary, bilateral primary, num- 
ber of positive nodes, bilateral positive nodes, trans- 
capsular spread, or positive margins of the neck dis- 
section — did we find evidence that they might be 
independent prognosticators for disease-free inter- 
val. 


DISCUSSION 


As expected with supraglottic cancer, most pa- 
tients died of causes other than their supraglottic can- 
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TABLE 3. RELATIONSHIP OF PRIMARY TUMOR AND 
NODAL METASTASES AS CLINICALLY ASSESSED 


Primary Left Right ^ Bilateral 

Tumor NO | Nodes Nodes Nodes Total 
Left 11 8 0 0 19 
Right 10 0 3 0 13 
Bilateral 22 8 13 14 57 
Total 43 16 16 14 89 


cer. Therefore, analyzing the relationship between 
neck metastases and control of the disease, one needs 
to look at the disease-free interval or disease-specific 
survival, Multivariate analysis of the disease-free in- 
terval revealed only age and staging as highly signifi- 
cant factors. Although the N classification did not 
remain significant in multivariate analysis, staging 
did, and this essentially refers to the presence of nodal 
metastases. When performing univariate analysis on 
the prognostic factors for regional recurrence,the N 
classification again emerged as highly significant; 
this was also the case when looking at distant metas- 
tases (Figs 1 and 2). Ninety-five percent of the NO 
patients remained without regional recurrences, while 
none developed distant metastases. This study has 
therefore confirmed the findings of others!®!! that 
the presence or absence of nodes is of preeminent 
importance in the final outcome of treatment; this is 
true for supraglottic cancer as well as for many other 
head and neck cancers. 


Neck dissection emerged as an effective means of 
eradicating nodal metastases. The regional recur- 
rence rate in the operated patients was 9%: only 3 
patients of the 41 neck-dissected patients developed 
regional recurrence, as opposed to 9 ofthe 48 patients 
who were irradiated. Whether or not elective neck 
dissection was warranted is shown by the fact that in 
the NO patients only 1 patient out of 7 (1 of 11 sides) 
was histologically positive. It suggests that in NO, 
elective bilateral neck dissection is not required or 
even justified. This is also borne out by the fact that 
NO patients had a low rate of regional recurrence, no 
matter how they were treated (Fig 1). Theimplication 
of the low rate of regional recurrence in the operated 
patients is that in this series correct judgments were 
made regarding the need for neck dissection. In the 
elective neck dissections done for second sides, 9 of 
10 were positive. The analysis of the preoperative N 
classification and postoperative pN classification 
shows that the chances of opposite disease increase 
with the N classification, so that when multiple nodes 
were present, the chance was 100%. The conclusion 
must be that the correct assessment of the nodal status 
of patients initially presenting is the single most 
important event in making treatment decisions. Ac- 
curate clinical and imaging techniques!?-14 must still 


TABLE 4. RELATIONSHIP OF T ANDN 


CLASSIFICATIONS 

NO NI N2-3 Total 
11 10 1 6 17 
T2 24 6 14 44 
T34 8 10 9 27 
Total 43 17 29 89 


be improved to harvest the full potential of regional 
management. Routine bilateral neck dissection, how- 
ever, appears unjustified, and in our series would 
have resulted in many unnecessary operations. Our 
regional failure rate of 9% is the same as reported by 
Weber et al with the use of bilateral neck dissection. 
When we bear in mind, however, that only 1 patient 
had a failed neck dissection, the other 2 having re- 
curred on the opposite side, then the recurrence rate 
for neck dissection becomes 1 in 41, showing that 
neck dissection, complemented by RT where indi- 
cated, is an extremely effective method of eradicating 
neck disease. Ignoring the failures on the opposite 
(unoperated) neck makes it impossible to compare 
the recurrence rate with the patients who did not re- 
ceive a neck dissection. The other 2 patients might in 
retrospect have benefited from a bilateral neck dis- 
section (although 1 of them died of distant metastases). 
In addition to the nodal status of the patient, the side 
of the primary was also important. In unilateral le- 
sions, there were no nodes on the opposite side (Table 
2). In only 1 case did a patient have a neck dissection 
on the side opposite to a unilateral lesion, reflecting 
the clinical judgment of the operator. Therefore, 1) 
the initial examination by the otolaryngologist, as- 
sessing the size and side of the primary tumor, 2) the 
finding of lymph node metastases, and 3) the general 
condition of the patient are all crucial to the treatment 
decisions and the eventual outcome. 


. The type of neck dissection that is adequate to 
control the disease relates to the usual pattern of 
spread. In keeping with previous studies,!5 we found 
that by far the most common site was level II (sub- 
digastric site), with levels I and V being rare. Modi- 
fied neck dissections, and in some cases selective 
neck dissections, are therefore justified, particularly 
on the second side, where sparing of the jugular vein 
is essential. Of this series, 18 patients had modified 
radical neck dissections, and 4 patients selective neck 
dissections, with the remaining 19 having atleast one 
radical neck dissection. The results appear to justify 
this conservative approach where it is indicated. 


It was of some surprise and interest to us that we 
did not find a prognostic value for the presence of 
extracapsular spread, the number of positive nodes, 
or the presence of positive margins in the neck 
dissections in regional recurrence and disease-free 
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interval. Only for the presence of bilateral noces was 
there weak evidence on univariate analysis (p = .07). 
However, when it is borne in mind that all these 
features are also criteria for postoperative RT, this 
may indicate the effectiveness of this treatment, in 
agreement with the findings of others.!! Apart from 
staging, theonly other multivariate independent prog- 
nosticator was age, patients of 65 and older doing 
much worse than those under 65. Figure 3 shows the 
combination of these two highly significant vari- 
ables. There was a significant difference in age be- 
tween the surgically treated patients and those prima- 
rily irradiated. Several of the irradiated patients were 
above 65 and generally in very poor condition, with 
the result that some died before completing their 
course of RT. There does not appear to be any clear 
solution for improving the results in these patients. 


CONCLUSIONS 
The rate of neck metastases was slightly over 50% 


in this sample of supraglottic carcinoma. The pres- 
ence of neck metastases (staging) was, in association 
with age, the only independent prognosticator of 
disease-free interval. Neck dissection, with postop- 
erative RT where indicated, was an effective method 
of eradicating regional disease, and in our series 
achieved a regional control of over 90%, only 1 of 41 
neck dissections failing to control regional metastases. 
Contralateral metastases were related to the primary 
tumor and to the staging of the ipsilateral neck; 
therefore, bilateral neck dissection is recommended 
in all patients with multiple or >3-cm nodes, particu- 
larly in combination with midline or bilateral primary 
lesions. In patients who remain NO after exhaustive 
imaging and/or fine needle aspiration cytology ex- 
aminations, neck dissection need not be performed, 
and the patients are probably equally effectively 
treated by RT or by surgery. Postoperative RT ap- 
pears to be effective in reducing the relapse rate after 
neck dissection with advanced disease. 
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MUSCLE.TENSION DYSPHONIA AND SPASMODIC DYSPHONIA: 
THE ROLE OF MANUAL LARYNGEAL TENSION REDUCTION 
IN DIAGNOSIS AND MANAGEMENT 
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Excessive activity of the extralaryngeal muscles affects laryngeal function and contributes to a spectrum of interrelated symptoms 
and syndromes including muscle tension dysphonia and spasmodic dysphonia. Recognition of the role of extralaryngeal tension is helpful 
in ensuring proper diagnosis and selection of appropriate treatment. This report demonstrates the application of manual laryngeal 
musculoskeletal tension reduction techniques in the diagnosis and management of laryngeal hyperfunction syndromes. The manual 
technique consists of focal palpation to determine 1) extent of laryngeal elevation, 2) focal tenderness, 3) voice effect of applying 
downward pressure over the superior border of the thyroid lamina, and 4) extent of sustained voice improvement following circum- 
laryngeal massage. The clinical utility of this innovative approach is discussed. 


KEY WORDS — circumlaryngeal massage, musculoskeletal tension dysphonia, spasmodic dysphonia. 


INTRODUCTION 


Excessive or “imbalanced” activity of the intrinsic 
and extrinsic laryngeal muscles affects phonatory 
function and is considered an important etiologic 
factor contributing to a spectrum of interrelated symp- 
toms and syndromes including muscle tension dys- 
phonia(MTD)andspasmodicdysphonia(SD).!7Rec- 
ognition of the contribution of laryngeal and parala- 
ryngeal hypertonicity is critical to proper diagnosis 
and selection of suitable treatments, regardless of the 
presumed cause of the voice disorder. 


What, precisely, constitutes MTD is unclear. Cer- 
tain sources have described it as a constellation of 
vocal symptoms combined with specific glottic and 
supraglottic contraction patterns.2- This description 
is contrasted with that of others, who suggest that 
whereas certain laryngoscopic patterns may be sug- 


gestive of excess muscle tension, no particular voice - 


quality or glottic configuration should be uniquely 
identified with musculoskeletal tension voice disor- 
ders.! Although confusion surrounds how the disor- 
der should be conceptualized, a recurrent feature in 
all descriptions is the presence of laryngeal and/or 
extralaryngeal hyperfunction.? 


This excessive muscle activity has been attributed 
to many sources, including 1) psychological and/or 
personality factors that tend to induce tension, '* 2) 
technical misuses of the vocal mechanism in the 


context of extraordinary voice demands, 3) learned 


adaptations following an upper respiratory tract in- 
fection,$and 4) compensation for underlying disease. 
Clinically, patients with vocal fold mucosal disease 
or paralysis or paresis often demonstrate coexisting 
muscle tension symptoms or patterns. In cases of 
paralysis, coexisting tension appears to be compen- 
satory, with the patient recruiting extrinsic laryngeal 
muscles to assist in glottic closure. However, in cases 
of benign disorders, it is unclear whether the muscle 
tension pattern temporally preceded the development 
of the mucosal disease or whether the pattern repre- 


‘sents adjustments to compensate for glottic insuffi- 


ciency. Thus, it is difficult to ascertain whether such 
muscle tension patterns deserve causal, concomitant, 
or outcome status. Regardless of the origin, patients 
with musculoskeletal tension voice disorders usually 
complain of neck and shoulder tightness, excess 
vocaleffort, and fatigue, with symptoms intensifying 
with extended voice use. Voice quality symptoms 
can vary in severity and type, ranging from severely 
pressed to extreme breathiness with myriad combina- 
tions.1-6 


Spasmodic dysphonia has come to be regarded as 
a focal laryngeal dystonia.?-!2 Others have described 
it as a symptom complex with multiple causes, both 
neurological and psychological.!:!3:14 Despite efforts 
toimprove assessment techniques, the diagnosis con- 
tinues to be based on auditory-perceptual ássessment 
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of vocal symptoms, and to be corroborated by voice 
therapy failure. As with most dysphonias, SD repre- 
sents acomposite of many elements. Excessive extra- 
laryngeal tension superimposed on the underlying 
dystonic symptoms can complicate the clinical pre- 
sentation. This diagnostic predicamentis further com- 
pounded by the capacity of musculoskeletal tension 
voice disorders to masquerade as SD..15 Therefore, 
accurate diagnosis and optimal management of these 
disorders can be accomplished only be defining the 
contribution of generalized hyperfunction to the dys- 
phonia. Removing the effects of excessive tension or 
muscle imbalance affords the clinician a more pre- 
cise representation of the voice disorder. 


In this regard, numerous voice-facilitating tech- 
niques are designed to relieve tension in the laryngeal 
region.!> Unfortunately, little objective evidence ex- 
ists to support the superiority of one technique over 
another, making it difficult to judge the cause of voice 
therapy failure.!6 Failure may be due, at least in part, 
to techniques that do not yield sufficient laryngeal 
tension reduction. Recognizing this, Aronson! de- 
scribed and advocated the manual laryngeal muscu- 
loskeletal tension reduction technique (also known as 
circumlaryngeal massage) as a direct method to as- 
sess and treat laryngeal hyperfunction syndromes. 
He suggested that chronic posturing of the larynx in 
an elevated position leads to cramping and stiffness 
of the hyoid-laryngeal musculature, which ccntrib- 
utes to the cause of many dysphonias. He submitted 
that indirect tension reduction techniques often fail 
because of the stubborn nature of excess laryngeal 
musculoskeletal tension. Manual repositioning (low- 
ering) of the larynx by kneading the circumlaryngeal 
area was offered as the primary approach to reduce 
tension. Our clinical and research experience!" with 
this and related manual techniques has confirmed 
their clinical utility as valuable diagnostic and treat- 
ment tools. This paper describes the use of manual 
laryngeal techniques in the identification and man- 
agement of laryngeal hyperfunction syndromes. 


METHODS 


Techniques for Diagnosis and Prognosis. When 
using manual circumlaryngeal assessment and treat- 
ment techniques, the patient should be educated re- 
garding the untoward effects of excessive musculo- 
Skeletal tension on voice, and the possibility that such 
tensions may underlie some or all of the patient's 
dysphonia. The sensitivity of the larynx to stress, 
emotion, and other sources of tension should also 
be addressed. If, during the interview, additional in- 
sightsregardingcausationareuncovered,amore zom- 
plete discussion ofthe voice-anxiety-tension relation- 


ship is appropriate. The patient should appreciate that 
voice disorders are an aggregate of multiple factors, 
including potential psychological influences. This 
understanding is important to maintaining normal 
voice following successful management. Adjunctive 
Psychological counseling and support may also be 
indicated. 


In most cases in which excess laryngeal musculo- 
Skeletal tension has persisted for some time, the 
larynx is suspended high in the neck and the hyoid- 
laryngeal sling is extremely stiff. Patients commonly 
report excess effort expended to produce phonation, 
as well as a dull to severe ache and tightness of the 
laryngeal region and anterior neck. Clinicians can 
assess the contribution of excess tension by evaluat- 
ing the consequences of tension reduction and laryn- 
geal repositioning on voice quality. The degree of 
voice improvement appears related to the amount of 
tension reduction. Reduced pain, reduced focal ten- 
derness or nodularity, increased thyrohyoid space, 
and improvement in voice confirms the contribution 
of poorly regulated muscle tension to voice function. 


Musculoskeletal tension can be appraised manu- 
ally by palpation of the circumlaryngeal area to 
assess the degree, nature, and location of focal ten- 
derness or nodularity (tension) and/or pain in the 
laryngeal region. Pressure is directed 1) over the 
major horns of the hyoid bone, 2) over the superior 
cornu of the thyroid cartilage, and 3) along the ante- 
rior border of the sternocleidomastoid muscle and 
into the suprahyoid musculature, including the poste- 
rior belly of the digastric muscle. Focal sites of 
tension evoke discomfort or pain when pressure is 
applied. Patients may wince or withdraw (the “jump” 
sign) when trigger points are identified. This exquis- 
ite tenderness in response to pressure in the laryngeal 
region is considered abnormal. The discomfort is 
more often unilateral than bilateral, and may radiate 
to one or both ears. The mobility of the larynx is also 
tested by attempting to maneuver it side-to-side along 
the horizontal plane. Resistance of movement is 
indicative of generalized extralaryngeal hypertonic- 
ity. Excessive tension can also be detected in the 
suprahyoid region (ie, mylohyoid, geniohyoid, and 
anterior digastric), especially during upward pitch 
gliding (see Figure, A). 


The extent of laryngeal elevation is assayed by 
palpating within the thyrohyoid space from the pos- 
terior border of the hyoid bone to the thyroid notch. 
A narrowed or absent thyrohyoid space is highly 
suggestive of excess muscle tension whereby the 
larynx is suspended high in the neck. In some patients 
asked to sustain a vowel at a comfortable pitch and 
loudness, further laryngeal elevation may occur in 
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Manual laryngeal tension reduc- 
tion. A) Medial suprahyoid mus- 
culature is palpated at rest and 
during upward pitch glide maneu- 
vers. Focal sites of tenderness and 
taut bands signal excessive muscle 
activity. B) Signs of excess laryn- 
geal tension are assayed by 1) eval- 
uating presence of focal sites of 
pain or nodularity, 2) determining 
size of thyrohyoid space, and 3) 
observing voice effect of down- 
ward traction over superior border 
of thyroid lamina and during cir- 
cumlaryngeal massage. C) Larynx 
is compressed by exerting ante- 
rior-to-posterior pressure over in- 
ferior border of hyoid bone. D) 
Manual tension reduction proce- 
dure (circumlaryngeal massage) 
with hand configuration and place- 
ment. Pressure is applied in circu- 
lar motion over tips of hyoid bone 
and within thyrohyoid space. Pro- 
cedure is repeated over posterior 
borders of thyroid cartilage and 
larynx is gently pulled downward. 


synchrony with voice initiation, signalling recruit- 
ment of extrinsic muscles. This type of laryngeal 
“bobbing” is a frequent concomitant of adductor SD. 


Further information regarding inappropriate la- 
ryngeal posturing and muscle misuse can be derived 
by assessing the voice effects of three manipulations: 
1) physically impeding elevation of the larynx by 
applying downward traction over the superior border 
of the thyroid lamina (see Figure, B); 2) compressing 
the larynx by exerting anterior-to-posterior (A-P) 
pressure over the inferior border of the hyoid bone to 
reduce excess tension and therefore stiffness of the 





vocal folds (see Figure, C); and 3) applying combined 
medial compression and downward traction over the 
superior cornu of the thyroid cartilage. 


Laryngeal reposturing or repositioning through 
brief displacement or by resisting laryngeal elevation 
provides valuable information regarding potential 
for improved voice function as well as possible 
causal mechanisms. By manually stabilizing the lar- 
ynx, the clinician may stimulate improved voice and 
briefly interrupt patterns of muscle misuse. These 
brief moments are immediately identified for the 
patient and are reinforced. They can be shaped by 
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using digital cueing combined with tension-reduc- 
tion techniques, to be discussed in the next section. 
Digital cues can then be faded and the patient taught 
to rely on sensory feedback (auditory, kiresthetic, 
and proprioceptive) to maintain improved laryngeal 
posturing and muscle balance. Manually moving the 
larynx to a neutral position stimulates easier phona- 
tion. 


Techniques for Treatment. The manual tension 
reduction procedure can be undertaken according to 
the technique of Aronson.! The hyoid bone is encir- 
cled with the thumb and index finger, which are then 
worked posteriorly into the tips of the major horns of 
the hyoid bone. Pressure is applied in a circular 
motion over the tips of the hyoid bone. The procedure 
is repeated within the thyrohyoid space, beginning 
from the thyroid notch and working posteriorly. The 
posterior borders of the thyroid cartilage medial to 
the sternocleidomastoid muscles are located and the 
procedure is repeated there (see Figure, B,D). With 
the fingers over the superior border of the thyroid car- 
tilage, the larynx is pulled downward and, at times, 
moved laterally. Sites of focal tenderness, nodularity, 
or tautness are given more attention. Gentle kneading 
or sustained pressure may be focused over these sites 
and then released. In general, the procedure is begun 
superficially, and the depth of massage is increased 
according tothedegree of tension encountered andthe 
tolerance of the patient. It may be necessary to extend 
the technique into the medial and lateral suprahyoid 
musculature, During the above procedures, the pa- 
tient is asked to sustain vowels or to hum while the 
clinician notes changes in vocal quality. Improve- 
ment in voice and reductions in pain and laryngeal 
height suggest a relief of tension. The improved voice 
is shaped from vowels to words, phrases, sentences, 
and paragraph recitations, and then to conversation. 
Progress can plateau at any point in the treatment, but 
recovery takes on its own momentum. Improvements 
with these techniques often proceed in a nonlinear 
fashion. Once sufficient tension has been released 
and the patient assumes a more normal laryngeal 
posture, progress can be swift, with complete amelio- 
ration of the dysphonia. Signs of improvement should 
be observed within the first session. Some patients 
may require an extended, intensive treatment session 
or several sessions, depending on patient tolerance 
and rate of progress. Generally, if changes do not 
occur within two sessions, it is unlikely that extra- 
laryngeal muscle tension is the primary or sole expla- 
nation for the observed dysphonia. Patients with SD, 
rather than MTD, may derive short-term benefit from 
manual techniques; recovery, however, is incom- 
plete and difficult to sustain. The residual dysphonia 
more accurately reflects the true laryngeal cystonia. 


CASE REPORTS 


From our series of over 150 cases, the following 
examples illustrate the use of manual techniques in 
the assessment and treatment of laryngeal hyperfunc- 
tion syndromes. 


Case 1: Musculoskeletal Tension Dysphonia. A 


. 45-year-old elementary school teacher presented with 


a year-long history of dysphonia that had begun 
gradually following upper respiratory tract infection 
symptoms. Her dysphonia progressively worsened 
over this period, with no episodes of improved voice. 
She failed to respond to a 4-week period of voice 
therapy at a local hospital prior to her referral to our 
facility. Upon indirect laryngoscopy and videolaryn- 
gostroboscopic examination, her larynx was found to 
be structurally normal, with no evidence of mucosal 
disease. Noticeable stiffness of both vocal folds was 
observed, with moderate supraglottic constriction in 
both the A-P and medial-lateral directions. During a 
psychosocial interview, the patient denied acute situ- 
ational conflicts or an increase in life stress preceding 
the onset of the dysphonia. The patient's vocal qual- 
ity was described as severely strained-strangled, with 
frequent voice arrests characteristic of SD. Palpation 
of the laryngeal region identified focal sites of in- 
tense pain over the major horns of the hyoid bone. 
Although pain was reported bilaterally, it was per- 
ceived to be greater on the left side and to refer to the 
left ear. The larynx was not only sensitive to light 
pressure, but was also excessively rigid, resisting 
manual lateral movements. The thyrohyoid space 
was noticeably narrowed, suggesting laryngeal ele- 
vation. Circumlaryngeal massage over the sites of 
tension and pain was undertaken, and normal voicing 
was reestablished over a single extended treatment 
session. The patient reported a relief of tightness and 
pain concurrent with voice improvements. She was 
reassessed approximately 1 month later with no evi- 
dence of recurrence. 


Case 2: Spasmodic Dysphonia. A 35-year-old re- 
ceptionist reported a 10-month history of gradually 
deteriorating voice. She complained of increased 
effort to produce voice, with significant vocal fa- 
tigue. She reported feelings of depression, which she 
attributed to her communication difficulties. Her 
dysphonia was characterized as pressed-strained, with 
an abrupt, staccato-like quality consistent with ad- 
ductor SD. Palpation of the circumlaryngeal area 
revealed a large thyrohyoid space, with mild tender- 
ness over the superior cornu of the thyroid cartilage. 
Downward traction on the larynx produced no ob- 
servable improvement in voice quality. The larynx 
was mobile laterally. These findings were considered 
minimal in terms of extralaryngeal tension. A trial of 


Roy et al, Manual Laryngeal Tension Reduction 855 


manual laryngeal tension reduction administered over 
three consecutive sessions was successful in alleviat- 
ing the tenderness in the laryngeal region. Although 
modest, transient improvements in voice were de- 
tected, they could not be stabilized or generalized. A 
diagnosis of neurological adductor SD with mild 
reactive tension was offered. The patient was referred 
forbotulinum toxininjection and responded well. She 
continues to receive periodic injections with impres- 
sive results. She attends a voice disorders support 


group. 


Case 3: Spasmodic Dysphonia With Muscle Ten- 
sion Dysphonia. A 50-year-old woman had a 4-year 
history of botulinum injections for SD, with variable 
but generally favorable results. However, the patient 
developed an unremitting severe dysphonia (border- 
ing on aphonia) that persisted for 6 months and did 
not respond to three successive botulinum treat- 
ments. A videolaryngostroboscopic examination 
confirmed the recurrence of hyperkeratotic mucosal 
changes of the right vocal fold and evidence of pos- 
terior laryngitis consistent with laryngopharyngeal 
reflux. Both vocal folds were extremely stiff and 
phonation was accompanied by noticeable supraglottic 
valving. Upon palpation of the paralaryngeal area, 
the patient complained of significant tightness and 
pain. Focal sites of nodularity were identified. The 
thyrohyoid space was minimal. The entire hyoid- 
laryngeal sling was extremely tense and fixed. Down- 
ward traction over the superior cornu of the thyroid 
cartilage resulted in immediate improvement in voice 
production. The mucosal changes were judged to be 
insufficient to explain the severity of the patient’s 
voice disturbance. The patient was considered to 
have a severe musculoskeletal tension component 
contributing to her dysphonia. She was submitted to 
a week-long period of twice-daily therapy sessions, 
combining multiple voice therapy techniques admin- 
istered by several clinicians. The voice disorder re- 
mained resistant to all indirect tension-reduction tech- 
niques. Following intense circumlaryngeal massage, 
the patient achieved an approximation of normal 
voicing despite persistent laryngeal mucosal abnor- 
malities. She encountered difficulty in stabilizing 
these improvements beyond the therapy room. She 
has been instructed in the self-administration of these 
manual techniques. 


It was speculated that the cause of her extreme 
laryngeal and extralaryngeal hypertonicity was re- 


lated to attempts to compensate for both mucosal 
changes and herunderlying dystonic symptoms. These 
difficulties, combined with concurrent stressful life 
events and a tendency in this individual for anxiety to 
manifest in the musculoskeletal system, were suffi- 
cient to generate MTD superimposed on mild SD 
symptoms. In this case, when the deleterious effects 
of excess muscle tension were stripped from the 
dysphonia, the clinician was better able to appreciate 
the consequences of both the vocal fold mucosal 
changes and the underlying dystonia. 


DISCUSSION 


Manual techniques, including circumlaryngeal 
massage, augment the voice practitioner’s diagnostic 
and treatment armamentarium. Given the potential 
for musculoskeletal tension disorders to coexist with 
and mimic neurological SD, it is exceedingly impor- 
tant for diagnosticians to appreciate the effects of 
poorly regulated laryngeal and paralaryngeal ten- 
sion. Such recognition can avoid unnecessary medi- 
cal or surgical intervention. These manual techniques 
can assist in identifying and recognizing the role of 
laryngeal and extralaryngeal hypertonicity in the 
perceived voice disturbance. During palpation, the 
presence of laryngeal pain and tenderness, stiffness, 
and elevation should raise the index of suspicion for 
the existence of excessive musculoskeletal tension. 
The influence of abnormal muscular tensions (ie, 
nondystonic) can be verified by the patient’s positive 
response to diagnostic therapy using laryngeal repos- 
turing techniques such as circumlaryngeal massage. 
By identifying neurological SD patients whoalso pre- 
sent with generalized laryngeal hypertonicity, clini- 
cians can also interpret suboptimal responses to botu- 
linum treatments and prospectively advise a therapy 
regimen combining manual laryngeal tension reduc- 
tion (or some other behavioral approach to reduce 
tension) with botulinum injections. 


In summary, our clinical and research experience 
with this technique leads us to agree with Aronson’s! 
contention that all patients with voice disorders, 
regardless of cause, should be assessed for the pres- 
ence of excess laryngeal musculoskeletal tension, 
either as a primary or as a secondary cause of the 
dysphonia (page 314). Manual laryngeal techniques 
serve aS important procedures in ensuring proper 
diagnosis of and selection of appropriate treatments 
for both MTD and SD. 
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Bilateral laryngeal paralysis can result in severe airway compromise. A widely accepted treatment is endoscopic laser total 
arytenoidectomy (TA); however, vocal results are usually poor. An alternative approach, resection of only the medial portion of the 
arytenoid (medial arytenoidectomy [MA ]), has the potential forless vocal impairment, but may not provide a sufficient airway. Laryngeal 
resistance (LR) was measured in vivo and ex vivo in 12 adult mongrel dogs with bilateral laryngeal paralysis after TA, MA, or no surgery 
(controls). The LR was significantly lower than in controls in both TA and MA, but there was no significant difference between TA and 
MA. Glottic area was also significantly higher in both MA and TA compared to controls, but again, there was no significant difference 
between TA and MA. Phonation could be elicited in all controls and 2 of 4 dogs with MA, but no dogs with TA. Our results show that 
MA offers airway improvement similar to that with TA and also has the potential for better vocal function. 


KEY WORDS — arytenoidectomy, vocal fold paralysis. 
INTRODUCTION 


Bilateral vocal fold paralysis usually results in 
severe airway obstruction and compromise of the 
laryngeal airway. Prior to 1922, tracheostomy was 
the only procedure available to the patient with this 
condition. Since then, unilateral vocal fold lateral- 
ization has become the mainstay in treatment. Over 
the years, a variety of methods have been described to 
accomplish this task, the goal being to reestablish an 
adequate laryngeal airway with as little compromise 
of vocal function as possible. 


Woodman! in 1946 described extralaryngeal aryte- 
noidectomy using a posterolateral approach. He pre- 
served the vocal process and sutured it to the inferior 
cornu of the thyroid cartilage. This technique gained 
wide acceptance and is still widely used today. Thor- 
nell? in 1948 was the first to describe an endolaryn- 
geal arytenoidectomy. Although there have been ex- 
cellent results reported from this procedure,? it has 
not been widely accepted because of technical diffi- 
culties, bleeding, and unacceptable scarring. Tucker? 
in 1976 introduced a technique of reinnervation in- 


tended to restore physiologic motion to the paralyzed 
larynx. À nerve-muscle pedicle, composed of a small 
portion of the omohyoid muscle and its branch of the 
ansa hypoglossi nerve, was transposed onto the pos- 
terior cricothyroid muscle. Despite initial reports of 
good results,56 long-term outcome has been disap- 
pointing. Other approaches to reinnervation, such as 
anastomosis of a phrenic nerve with the recurrent 
laryngeal nerve Stump, have also failed to achieve 
clinical success. In 1983, Eskew and Bailey’ reported 
the use of the carbon dioxide (CO2) surgical laser to 
perform endoscopic arytenoidectomy in dogs. In 
1984, Ossoff et al? described successful clinical use 
of endoscopic laser arytenoidectomy, achieving res- 
toration of the airway and decannulation in 10 of 11 
tracheostomy-dependent patients with bilateral vo- 
cal fold paralysis. 


In the past decade, CO2 laser endoscopic aryte- 
noidectomy has become perhaps the most commonly 
used surgical procedure for enlarging the glottic 
airway in patients with bilateral vocal fold paralysis. 
The CO2 laser permits precision operations through 
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the relatively narrow field of the microlaryngoscope 
without the need for tissue manipulation.? Further- 
more, the CO2 laser offers excellent hemostasis. 


In 1990, Ossoffet al? reported a series of endoscopic 
laser arytenoidectomies in 28 patients with bilateral 
vocal fold paralysis. Twenty-six of these had trache- 
ostomies and 2 patients presented with stridor. The 
airway was successfully restored in 27 patients, al- 
though 2 patients required a revision procedure for 
successful decannulation. The 1 patient that failed 
had been successfully decannulated after the proce- 
dure but developed respiratory distress at 15 months 
postoperatively and required a tracheostomy. Ossoff 
et al attributed this to glottic stenosis from scarring 
secondary to the heat sensitivity of the posterior 
commissural tissues in addition to subsequent granu- 
loma and posterior glottic web formation. 


It has long been accepted that any complete ary- 
tenoidectomy for the treatment of bilateral vocal fold 
paralysis is routinely associated with a poor postop- 
erative phonatory result. All 28 of the patients of 
Ossoff et al? described moderate to severe reductions 
in phonatory quality postoperatively. 


To address the problems of uncontrollable scarring 
and poor voice quality associated with total arvtenoid- 
ectomy (TA), Crumley!? developed endoscopic laser 
medial arytenoidectomy (MA), a procedure zimed at 
enhancing the airway with little or no loss of laryn- 
geal phonatory function. He reported a series of 
endoscopic laser MA in 8 patients: 2 with stridor and 
6 with indwelling tracheostomies. Of the 2 patients 
without tracheostomies, the airway was enhanced 
and phonatory voices were preserved; 2 cf the 6 
tracheostomized patients were decannulated. A con- 
cern with MA is that it may not resect enough tissue 
to restore an adequate airway. 


This report compares the aerodynamic results of 
endoscopic laser MA and TA in a series of dogs with 
surgically created bilateral vocal fold paralysis. We 
hypothesized that MA and TA would result in a 
similar decrease in laryngeal resistance, but induced 
phonation would be less compromised in MA. 


METHODS 


Twelve adult male mongrel dogs weighing 22 to 
32 kg were divided into three groups of 4 dogs each: 
group 1 was the control (no procedure), group 2 had 
endoscopic laser TA, and group 3 had endoscopic 
laser MA. All laser procedures were carried cut with 
a Xanar Coherent 20W CO2 laser with a Unimax 
model 2000 CO2 Microspot Micromanipulator (Re- 
liant Technologies, Inc, Foster City, Calif) using a 
spot size ranging from 0.15 to 4.5 mm. The laser was 


coupled to a Zeiss operating microscope with a 400- 
mm lens. Each dog was premedicated intramuscu- 
larly with acepromazine maleate (0.11 mg/kg). Anes- 
thesia was induced by intravenous sodium pentothal 
(1.8 to 3.6 mg/kg) and maintained by isofluorane via 
a CO2 laser protective metal orotracheal tube. All 
operations were carried out by the primary author to 
avoid introducing operator variability. Via a ventral 
midline incision in the neck, the left recurrent laryn- 
geal nerve was identified and a 3- to 4-cm segment of 
the nerve was excised. The identity of the nerve was 
confirmed by direct laryngoscopy, observation of 
vocal fold motion with electrical stimulation of the 
nerve, and immobility after resection. Group 1 (con- 
trol) underwent transection of bilateral recurrent la- 
ryngeal nerves and then underwent acute physiologic 
studies. In groups 2 and 3, the incision was closed and 
endoscopic arytenoidectomy was performed. 


Endoscopic CO2 laser surgery was performed with 
a vaginal speculum used as a suspension laryngoscope. 
Topical 1% lidocaine was used to decrease postop- 
erative laryngospasm. The arytenoid cartilage, in- 
cluding both the vocal and muscular processes, was 
totally ablated in group 2 dogs (TA) as described by 
Ossoff et al.? Medial arytenoidectomy as described 
by Crumley!? was performed in group 3 dogs, creat- 
ingan ipsilateral concavity in the arytenoid body. The 
vocal process, muscular process, and posterior com- 
missure were left intact. Care was taken not to pro- 
duce laser injury inferior to the arytenoid cartilage, 
thus preventing injury to the cricoarytenoid joint. The 
surgery was performed on the left side for all animals. 


Physiologic Studies. Approximately 4 weeks were 
allowed for healing and reepithelialization of the raw 
surface created by the arytenoidectomy. The animals 
were brought to the laboratory for physiologic stud- 
ies. They were premedicated intramuscularly with 
acepromazine maleate (1.1 mg/kg) and then anesthe- 
tized with an intravenous injection of alpha chloralose 
(0.1 g/kg) and urethane (1.0 g/kg). The animal was 
placed supine on the operating table and a peripheral 
vein was cannulated with a 16-gauge catheter so that 
additional intravenous anesthesia could be adminis- 
tered as needed. Prior to starting the physiologic 
studies, all animals were studied with videolaryn- 
goscopy. The larynx was visualized with a rigid Karl 
Storz 0° telescope coupled to a color video camera, 
with illumination provided by a 150-W light source. 
The right vocal fold was carefully tattooed with the 
tips of small forceps stained with a blue permanent 
ink marker. The length between the points of the 
forceps was initially measured, as this represented a 
known distance on the vocal fold. The images of the 
larynx were recorded on a VHS tape recorder. The 
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Fig 1. Dog breathes spontaneously through lower tracheal 
cannula. Constant stream of warm, humidified air is 
passed into upper tracheal cannula and flows through 
larynx in expiratory direction. Pressure transducer in- 
serted through cricothyroid membrane measures subglottic 
pressure. 


NIH Image 1.57 software was used to capture the 
images of the larynx from the videocassette onto a 
Macintosh personal computer. Several frames were 





Fig 2. Videoendoscopic pictures of larynges in dogs with 
bilateral vocal fold paralysis. A) No surgical procedure (con- 
trol group). B) Total arytenoidectomy. C) Medial arytenoid- 
ectomy. 


selected for analysis of each subject. The area of the 
glottic airway was calculated by the software pro- 
gram, with the tattooed points used as a known dis- 
tance for calibration. 


Attention was then turned to the neck area. An 
anterior longitudinal midline cervical incision was 
made from the hyoid bone to the sternal notch, and the 
strap muscles and sternocleidomastoid muscles were 
retracted laterally to expose the larynx and trachea 
(Fig 1). A distal tracheostomy was performed at the 
level just superior to the suprasternal notch, and an 
endotracheal tube was passed caudally to allow for 
spontaneous breathing. Attention was turned to the 
right tracheoesophageal groove, where the intact 
right recurrent laryngeal nerve was identified and 
transected, thus creating a bilateral vocal fold paraly- 
sis. The trachea was then transected horizontally and 
a large-bore polyethylene tube, which provided an 
airtight seal in the trachea, was placed in the rostral 
segment and directed toward the larynx. This tube 
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Fig 3. Calculated glottic area in square centimeters for 2 
dogs in each group. TA — total arytenoidectomy, MA — 
medial arytenoidectomy. 


was connected to a laboratory wall outlet and used to 
pass a constant flow of warm, humidified a:r in an 
expiratory direction. Airflow was controlled by a 
valve at the laboratory wall outlet and was humidi- 
fied and heated by bubbling through 5 cm of heated 
water so that the temperature of the air was approxi- 
mately 37°C. The airflow was measured in liters per 
minute with a Hans Rudolph pneumotachcmeter. 
Before recording any trials, the pneumotachometer 
was calibrated with known levels of airflow from a 
Manostat Teleflow flowmeter. The output of the 
pneumotachometer was digitized and later analyzed 
by a Macintosh personal computer with the Super 
Scope II software (GW Instruments). A large poly- 
ethylene tube was also inserted through the mouth 
with the tip just below the epiglottis to eliminate 
fluctuations in resistance above the larynx. A 16- 
gauge catheter was inserted through the cricotayroid 
membrane and positioned below the glottis. The 
catheter was connected to a Spacelab 414 dual pres- 
sure Opt 21 pressure transducer and used to measure 
subglottic pressure. Subglottic pressures were re- 
corded at laryngeal airflows of 20, 40, 60, 100, and 
150 L/min. An average of two trials were run fcr each 
rate of airflow. 


The animals were euthanized and the larynges 
harvested for ex vivo studies. The ex vivo laryrx was 
securely mounted via six-point suspension in a fiber- 
glass superstructure. Subglottic pressures at the vari- 
ous airflows were measured by the same setup as 
described above. 


Laryngeal resistance was calculated as the ratio 
between subglottic pressure and the constant airflow 
through the larynx. Results from two trials at each 
laryngeal flow rate were averaged for each dog. 


RESULTS 


Videolaryngoscopy. Figure 2 depicts a representa- 
tive image of the larynx from each of the three groups. 
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Fig 4. Mean laryngeal resistance (in vivo) in control dogs 
and dogs that underwent TA and MA. 


It was possible to calculate the area of the glottis for 
only 2 dogs in each group with the NIH Image 
software. The average area for group 1 was 70.9 mm3, 
group 2 was 128.8 mm}, and group 3 was 123.3 mm? 
(Fig 3). When submitted to unpaired Student's r-test, 
the glottic area was significantly larger than control 
in both surgical groups (p « .0005). There was no 
statistical difference in glottic area between the two 
surgical groups. 


Laryngeal Resistance. In vivo data are displayed in 
Fig 4. At all flow rates, laryngeal resistance was 
significantly higher in control dogs than in either 
surgical group. At airflows of 60 L/min or less, the 
mean airway resistance in the MA group was less 
than or equal to that of the TA group. The difference 
was not statistically significant on Student's t-test. At 
100 L/min, in vivo resistance was higher in the MA 
group, but the difference was not statistically signifi- 
cant (p = .216). At 150 L/min, resistance was an 
average of 0.048 cm H2O/L per minute in the MA 
group versus 0.022 cm H2O/L per minute in the TA 
group (p « .0005). 


Figure 5 represents data obtained from aerody- 
namic studies in excised larynges. There was no 
statistically significant difference between experi- 
mental groups in airway resistance. At airflows of 40 
L/min and above, resistance was significantly lower 
than control values in both experimental groups (p « 
.0005). 
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Fig 5. Mean ex vivo laryngeal resistance in control dogs 
and dogs that underwent TA and MA. 
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Flow rates of 60 L/min to 100 L/min resulted in 
phonation in all the control dogs. Phonation did not 
occur in the TA group, regardless of flow rate. In 2 of 
the dogs with MA, phonation occurred at rates of 80 
and 100 L/min. 


DISCUSSION 


In this animal model, at physiologic flow rates, 
MA and TA resulted in similar glottic airway resis- 
tance, despite the fact that TA removes a larger 
volume of cartilage. Also, the two procedures re- 
sulted in essentially the same cross-sectional area of 
the glottis, as determined by image analysis of video- 
endoscopy. These findings may seem counterintuitive, 
since TA removes a larger volume of cartilage than is 
excised in MA. Further, MA preserves the vocal 
process, the point of attachment of the cartilaginous 
and membranous vocal folds. It has been suggested 
that preservation of the vocal process would prevent 
the membranous vocal fold from retracting laterally, 
to minimize the anterior glottal gap and conserve 
vocal function. This should result in a narrower 
overall glottic opening in MA as opposed to TA. 
Conversely, transverse cordotomy is intended to en- 
large the glottic airway by severing the attachment of 
the membranous vocal fold to the arytenoid.!! The 
results of the present study support the notion that the 
crucial glottic airway is the posterior, cartilaginous 
portion. 


Another consideration, which is consistent with 
the results of this study, is that the narrowest part of 
the upper airway is the cricoid cartilage. This is the 
rate-limiting segment. The arytenoid cartilage articu- 
lates on the rostral surface of the cricoid cartilage, and 
only a portion extends into the lumen of the airway. 
Thus, maximalairway enlargement could be achieved 
by excising that intraluminal portion of the arytenoid 
cartilage. Further resection, lateral to the medial 
surface of the cricoid, would not result in any addi- 
tional increase in effective airway. 


An additional factor may be scar contracture. Total 
arytenoidectomy results in a large soft tissue defect. 
Cicatrization would be expected to diminish the 
airway. In MA, the remaining portion of the aryte- 
noid could serve to support the soft tissues and limit 
contracture. 


Phonation could be induced in all control dogs, 
with bilateral vocal fold paralysis, but in none of the 
dogs after TA. This is consistent with the clinical 
observation that TA results in vocal impairment. The 
MA was devised with the intention of preserving as 
much vocal function as possible. The findings of this 


study suggest that this may be achieved, as phonation 
could be induced in 2 of the dogs in the MA group. 


Resistance was tested at a variety of flow rates, 
since resistance is frequently not linear. In all ani- 
mals, resistance increased with airflow. The higher 
rates of flow in this study are considerably outside the 
physiologic range for normal or labored breathing. 
Thus, the statistically significant difference noted in 
airway resistance at 150 L/min between the two 
experimental groups would not be clinically signifi- 
cant. 


It was presumed that activity in extrinsic laryngeal 
muscles, such as cervical strap muscles, may affect 
laryngeal resistance. Changes in the rostrocaudal 
position of the larynx have been reported to affect 
transglottic resistance. Therefore, we conducted 
aerodynamic studies in the excised larynx, in addi- 
tion to the in vivo studies, to control for variability in 
extrinsic muscle activity in the living preparation, 
and to study the morphologic effects in isolation. As 
in the in vivo preparation, laryngeal resistance was 
significantly lower in both experimental groups com- 
pared to the control group. 


Clinical application of the results of this study 
should be tempered by several factors. First, there are 
differences between dogs and humans in terms of 
anatomy and healing properties. Second, this animal 
model does not precisely replicate the clinical pre- 
sentation. Candidates for arytenoidectomy usually 
present with chronic bilateral paralysis, and para- 
lyzed vocal folds are commonly observed to move 
medially over time, so that the glottic airway is 
narrower than in acute laryngeal paralysis. In this 
model, due to financial and logistical considerations, 
surgery was carried out on an acutely paralyzed vocal 
fold. To diminish the costs of boarding the animals, 
only 1 month was allowed for healing. In order to 
avoid the need for a tracheostomy, which is poorly 
tolerated in dogs, the contralateral vocal fold was not 
paralyzed until the time of the terminal physiologic 
studies. 


Despite these limitations, the study indicates that 
MA is promising as an alternative to TA, to restore 
the airway in patients with bilateral laryngeal paraly- 
sis, yet conserve vocal function. 


CONCLUSIONS 


1. Laryngeal resistance was significantly less in 
animals that underwent endoscopic laser TA or 
MA as compared to no vocal fold lateralization 
procedure. 


2. There was no statistically significant difference 
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between MA and TA in laryngeal resistance at 
airflows 100 L/min or less. 


3. The area of glottic opening was significantly 
greater in the animals that underwent either TA or 


MA as compared to no vocal fold lateralization 
procedure. 


4. There was no statistically significant difference 
in glottic area between TA and MA. 
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Bronchoalveolar lavage (BAL) has been shown to be a rapid, relatively safe, and relatively noninvasive diagnostic procedure. 
Theoretically, BAL can be performed on all children hospitalized for pneumonia resistant to oral antibiotics, though practically and 
economically, this is not feasible. A 1-year retrospective review was conducted to define a cost-effective role for BAL in the management 
of hospitalized children with resistant pneumonia. The data revealed identification of at least one pathogen in 87% of sputum samples 
and in 95% of BAL specimens. Sputum samples provided the same information as the more invasive BAL technique in 60% of patients 
whohad both sputum and BAL obtained for culture. Recommendations are made forthe use of BAL as a diagnostic toolin the hospitalized 


child with resistant pneumonia. 


KEY WORDS — bronchoalveolar lavage, bronchoscopy, immunocompromised child, pneumonia. 


INTRODUCTION 


Pulmonary processes are a major cause of morbid- 
ity and mortality in the chronically ill and immu- 
nocompromised pediatric patient.1 Diffuse pulmo- 
nary infiltrates seen on radiographic evaluation are a 
particular diagnostic challenge, as causes may in- 
clude infections, neoplasms, drug- or radiation-in- 
duced toxicity, pulmonary edema, or nonspecific 
pneumonitis.23 


Routinely, children with pneumonia resistant to 
oral antimicrobials are admitted to the hospital, and 
empirically, broad-spectrum intravenous antibiotics 
are instituted. Coverage is provided to include pre- 
sumptive organisms much the same as in empiric 
treatment for sinusitis or pharyngotonsillitis. Al- 
though intravenous therapy with broad-spectrum 
antimicrobials is not without potentially serious risk, 
the majority of children improve without untoward 
events.? In those who do not improve, a diagnosis 
must be confirmed. Hence, a useful diagnostic test 
must be identified. 


Noninvasive sputum sampling, be it random or 
induced, requires the participation of a mature, coop- 
erative child. Bronchoalveolar lavage (BAL) has 
been shown to be a rapid, relatively safe, and rela- 
tively noninvasive diagnostic procedure for the evalu- 


ation of diffuse pulmonary infiltrates.)2 More invasive 
techniques, such as open lung biopsy, are also useful 
in establishing a definitive diagnosis, but are associ- 
ated with significant morbidity, and as such, are 
reserved for those patients in whom diagnoses cannot 
be obtained by less invasive methods.?" Theoreti- 
cally, BAL may be used for all pediatric patients 
admitted with the diagnosis of pneumoniaresistant to 
oral antimicrobials, though practically and economi- 
cally, this is not feasible. The purpose of this study is 
to determine a cost-effective role for BAL in the 
management of hospitalized children with resistant 
pneumonia, 


METHODS 


Aretrospective review was performed on the charts 
of those children who underwent BAL during the 
period from April 1, 1992, to March 31, 1993, at The 
New York Hospital-Cornell Medical Center, a ter- 
tiary referral center. Twenty-one patients underwent 
BAL. Several patients underwent multiple proce- 
dures, but for the purposes of this study, only cumu- 
lative results are discussed. The patient population 
consisted of 9 boys and 12 girls. Ages ranged from 3 
months to 17 years. A1121 patients were evaluated for 
diffuse pulmonary infiltrates or interstitial disease 
that failed to improve or worsened despite antibiotic 
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therapy. 


Several factors contributed to chronic illn2ss and 
recurrent hospitalizations for pneumonia in 15 of the 
21 patients studied. Ten patients were immunocom- 
promised. Underlying diagnoses included chemo- 
therapy for neoplastic disease (n = 5), steroid therapy 
(n = 2), human immunodeficiency virus (n 22), and 
severe combined (B and T cell) immunodeficiency (n 
= 1). Five children had anatomic predisposing fac- 
tors: 4 had gastroesophageal reflux that was docu- 
mented by pH probe or milk study, and 1 had aberrant 
pulmonary architecture. One child was at increased 
risk for tuberculosis as a result of environmental 
exposure. Theremaining 5 patients were hospitalized 
for pneumonia without documented underlying im- 
munologic or anatomic disorders. 


Sputum samples were obtained in 15 of the 21 
patients. Sputum samples were usually obtained early 
in the course of hospitalization. The chart review did 
not reveal whether the samples were random 2xpec- 
torations or induced sputum specimens. To submit an 
induced sputum sample, the child first gargled with 
normal saline to reduce the colonization of normal 
mouth flora. Next, an ultrasonic DeVilbiss sterile 
water nebulizer treatment was administered. Finally, 
the child was instructed to cough and expectoréte into 
a sterile cup. Chest physiotherapy was employed as 
an adjunctive measure. 


Patients who were mechanically ventilated ander- 
went flexible fiberoptic bronchoscopy using the 
Olympus BF3C20. Examination of the airway to rule 
out structural abnormalities, as well as to obtain the 
culture material, was accomplished. Premedication 
consisted of bolus doses of fentany] citrate (1 to 2 ug/ 
kg), midazolam maleate or lorazepam (0.05 to 0.10 
mg/kg), and vecuronium bromide (0.10 mg/kg). The 
bronchoscope was passed directly into the endotra- 
cheal tube via a Bodai adapter so as to permit concur- 
rent ventilation during the procedure. Electrocardio- 
graphic and oxygen saturation measurements were 
monitored throughout the procedure. The brcncho- 
scope was passed into the trachea, and initially the 
entire tracheobronchial tree was examined, Next, the 
area of concern was localized and lavaged with a total 
of 20 to 40 mL of sterile saline. The specimens were 
aspirated separately by vacuum suctioning in 3- to 6- 
. mL aliquots and then pooled. 


Patients who were on supplemental oxygen by 
nasal cannula or face mask underwent flexible or 
rigid bronchoscopy and lavage under general anes- 
thesia. Similarly, the entire tracheobronchial tree was 
examined. Next, the bronchoscope was placed into 
the areas of greatest clinical and/or radiographic con- 
cern. Lavage was performed in an identical fashion. 


Specimen Studies. The pooled lavage fluid was 
apportioned for the individual laboratories within 3 
hours of collection. 


In the microbiology laboratory, BAL fluid was 
centrifuged for 5 minutes at 3,000 rpm. The super- 
natant was discarded and the sediment was used for 
Gram's stainin the customary manner. Cultures were 
incubated and read accordingly. 


In the virology laboratory, the pooled lavage fluid 
was immediately transferred to viral Hanks' bal- 
anced salt solution with antibiotics. It was then placed 
in one of two tissue cell culture lines: human embry- 
onic lung, or primary monkey kidney. It was placed 
in incubation in cell culture maintenance medium 
(296 fetal calf serum; Biowhittaker Co, Walkersville, 
Md) and evaluated after 2 to 3 weeks for cytopathic 
changes. 


Respiratory syncytial virus was evaluated by naso- 
pharyngeal swab and BAL using direct fluorescent 
monoclonal antibody staining with fluorescein iso- 
thiocyanate-labeled mouse monoclonal antibody 
against respiratory syncytial virus internal capsid 
protein and envelope surface glycoprotein.® Cyto- 
megalovirus (CMV) was detected by cytopathic 
changes in cell culture. Additionally, a rapid fluores- 
cent evaluation was performed on specimens incu- 
bated on coverslips for 48 hours. Finally, some speci- 
mens were evaluated by polymerase chain reac- 
tion.89 


To evaluate for mycobacteria, a solution of N- 
acetyl-L-cysteine in sodium hydroxide and sodium 
citrate solution was added to the specimen and centri- 
fuged for 15 minutes at 3,000 rpm. The supernatant 
was discarded and the sediment was resuspended in 
1 mL of buffer to enhance growth. A Lowenstein, 
Jensen, and Middlebrook 7H11 plate was inoculated 
and incubated for 2 weeks in 5.1% carbon dioxide at 
35°C with the cap slightly ajar to facilitate evapora- 
tion. After 2 weeks, the culture was transferred to a 
standard incubator, where it remained for 6 weeks. 
The cultures were surveyed weekly for contamina- 
tion and growth. Once growth was seen, a Kinnion 
acid-fast smear was made. A Gen-Probe (Gen-Probe, 
Inc) was used for rapid identification, and sensitivi- 
ties were prepared. Additionally, auramine O fluo- 
rescent evaluation was performed on the fluid on the 
day of processing as a preliminary method of screen- 
ing. 


For mycology, the BAL fluid was inoculated on 
three media: Sabouraud, Mycosel, and inhibitory 
mold agars. They were incubated for 3 weeks at 30°C 
and evaluated weekly. A KOH-Calcafluor potassi- 
um hydroxide and fluorescent brightener (28 Calca- 
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TABLE 1. SPUTUM ISOLATES (N = 15) 


RSV Bact PMN PCP 


Positive 2 9 9 0 
Negative 10 5 4 7 
N/A 3 1 2 8 


Percent yield was 13 of 15 or 87%. 


AFB CMV Fungus Yeast Pert Leg Cand 


0 0 0 l 0 4 
1 3 4 4 5 0 
14 12 11 10 10 11 


N/A — culture not obtained, RSV — respiratory syncytial virus, Bact — bacteria, PMN — polymorphonuclear cells, PCP — Pneumocystis carinii, 
AFB — acid-fast bacteria, CMV — cytomegalovirus, Pert — Bordetella pertussis, Leg — Legionella, Cand — Candida albicans. 


fluor M2R fluorescent stain, Sigma Chemical Co, St 
Louis, Mo) was also used on the BAL fluid. It was 
mixed on a coverslip and examined under the micro- 
scope. 


To evaluate for Pneumocystis carinii, BAL fluid 
was centrifuged for 3 to 5 minutes at 1,200 rpm. The 
sediment was smeared and stained with Gram-Weigert 
stain and read under the microscope on high power. 


RESULTS 


Characteristics of Patient Population. The sample 
consisted of 21 children: 9 boys (4396) and 12 girls 
(57%). They ranged in age from 3 months to 17 years. 
All had diffuse pulmonary infiltrates or interstitial 
disease that failed to improve or worsened despite 
therapy. All (100%) were on broad-spectrum antimi- 
crobials; 2 (10%) were on antiviral therapy at the time 
of BAL; most patients had completed 10 to 14 days 
of therapy prior to BAL. Ten of 21 (4896) had docu- 
mented causes of immunosuppression. An additional 
5 of 21 (24%) had anatomic abnormalities identified 
as causative or contributing factors leading to recur- 
rent pneumonia requiring repeat hospitalizations. One 
of 21 (5%) had documented exposure to pulmonary 
tuberculosis. The remaining 5 of 21 (24%) had no 
documented immunologic disorder. 


Isolates in Sputum. Fifteen of 21 (71%) children 
had sputum samples sent for microbial evaluation. 
The identification of one or more organisms was 
determined to be a “positive yield.” No identification 
or identification of normal mouth flora only was 
labeled a “no yield.” The overall yield for isolation of 
any pathogen in sputum was 13 of 15 (87%) children. 
However, there were a total of 69 tests performed, ie, 
cultures inoculated. Forty-two of 69 (61%) of cul- 
tures revealed no growth, Isolates were identified in 


27 of 69 (39%; Table 1). 


Isolates in BAL. Similarly, the isolates obtained 
from BAL can be examined, All 21 (100%) children 
underwent BAL. The identification of one or more 
organisms was determined to be a “positive yield.” 
No identification or identification of normal mouth 
flora only was labeled a “no yield.” The overall yield 
for isolation of any pathogen in BAL was 20 of 21 
(95%) children. However, there were a total of 165 
tests performed, ie, cultures inoculated. One hundred 
twenty-five of 165 (76%) cultures showed no growth. 
Isolates were identified in 40 of 165 (24%; Table 2). 


Comparison of BAL to Sputum. In comparing BAL 
to sputum isolates, results were concordant in 6 of 15 
(40%). In 9 of 15 (60%) there were discordant yields. 
Of the 60% in which discrepancy was noted, in 20% 
(n = 3) the sputum yield was greater, in 20% (n = 3) 
the BAL yield was greater, and in 20% (n = 3) a 
difference was noted; ie, additional information was 
obtained from BAL, but organisms isolated from 
sputum cultures were not confirmed. Therefore, in 9 
of 15 (60%) children, noninvasive sputum sampling 
provided all the same data as the more invasive BAL 
technique. 


DISCUSSION 


Overall, for any given patient, identification of at 
least one pathogen occurred in 8796 (n = 13 of 15) of 
sputum samples and 95% (n = 20 of 21) of BAL 
specimens. These data conform to therange of values 
noted in the literature of 71% to 9590.46 


Of those patients who had sputum sent for culture 
(n = 15), 69 cultures were inoculated and only 27 
(3995) demonstrated growth. Similarly, in those pa- 
tients who underwent BAL (n = 21), 165 cultures 
were inoculated and only 40 (24%) revealed growth. 


TABLE 2. BRONCHOALVEOLAR LAVAGE ISOLATES (N = 21) 


RSV Bact PMN PCP 


Positive 4 10 10 0 
Negative 13 11 8 15 
N/A 4 0 3 6 


Percent yield was 20 of 21 or 95%. 


AFB CMV Fungus KOH Pert Leg Cand 


4 1 1 0 0 9 
10 11 12 16 11 0 
7 9 8 5 10 11 


N/A — culture not obtained, RSV — respiratory syncytial virus, Bact — bacteria, PMN — polymorphonuclear cells, PCP — Pneumocystis carinii, 
AFB — acid-fast bacteria, CMV — cytomegalovirus, KOH — yeast, Pert —- Bordetella pertussis, Leg — Legionella, Cand — Candida albicans. 
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This suggests that the majority of cultures inoculated 
show no growth. In 9 of 15 (60%) patients who had 
both sputum and BAL obtained for culture, sputum 
sampling provided the same information as BAL, or 
more. 


In evaluating our results, one may note several 
findings. Cytomegalovirus was only isolated from 
BAL specimens. Candida albicans had a greater 
yield in our cultures from BAL than sputum. No P 
carinii or Legionella was identified from BAL or 
sputum samples. The remainder of our data demon- 
strate that various organisms were not remarkably 
better isolated from either sputum or BAL. 


One possible variable affecting culture results is 
that of oral contamination in the samples. Generally, 
random sputum specimens are believed to have a 
higher incidence of oral contaminants than induced 
samples. In health, the lower respiratory tract is 
sterile. Contaminants may be introduced on intubation 
for mechanical ventilation and/or diagnostic inter- 
vention. 


The differentiation of pathogen from contaminant 
is nearly impossible. One cannot rely on an elevated 
neutrophil count to diagnose acute infection, b2cause 
counts may be elevated in such conditions as active 
pulmonary fibrosis or adult respiratory distress syn- 
drome, and they may be depressed in immunocom- 
promised patients.!° Attempts to distinguish patho- 
gens from contaminants may be aided by the use of 
quantitative bacteriologic studies (ie, samples with 
210° colonies and <1% squamous epithelial cells are 
less likely to be contaminated).!%1! In addition, pro- 
tected brushings can be used during BAL in adults, 
but are not often feasible in children, seconcary to 
technical limitations in a significantly smaller air- 
way. 


There is an 83% isolation rate of fungus through 
BAL reported in the literature.? There is, however, a 
low rate of isolation of acid-fast bacilli with BAL in 
children, as was noted in our patient population. This 
low isolationrate utilizing BAL has been attributed to 
the observation that children with primary pulmo- 
nary tuberculosis have closed, caseous lesions with 
smaller numbers of mycobacteria in comparison to 
adults, and that the use of lidocaine in awake patients 
may reduce the yield for recovering mycobacte- 
ria.!213 Abadco and Steiner,!? in a 1992 study, com- 
pared BAL to gastric lavage for the diagnosis of 
Mycobacterium tuberculosis in children. They found 
gastric lavage performed on three consecutive morn- 
ings to be superior to BAL in diagnosing acid-fast 
bacilli. Our results, as well as a review of the lit- 
erature, would support the initial use of gastric lavage 


in those patients with suspected M tuberculosis. 


A review of the literature confirms P carinii pneu- 
monia to be the most common isolate from BAL in 
immunosuppressed hosts, regardless of the cause of 
the immunocompromise,.25,10,14-16 Yet, in this ret- 
rospective review, no P carinii was isolated. None of 
the patients with human immunodeficiency virus (n 
= 3) were found to be infected with P carinii. A 
possibility for the low yield in the isolation of P 
carinii in this study may be that BAL was selectively 
not performed in patients with P carinii pneumonia. 
Pneumocystis carinii is readily isolatable with rou- 
tine suctioning; therefore, the diagnosis may have 
been made without the need for BAL. 


Identification of acute CMV infection has been 
described as technically difficult, because the mean 
culture time is 27 days and a wide spectrum of genetic 
and structural variability makes monoclonal anti- 
body detection challenging. Cytomegalovirus has 
the ability to create multifocal infection with uneven 
distribution among cells. Hence, the number of CMV 
isolates does not reliably predict the severity of 
disease or differentiate acute infection from coloni- 
zation or shedding. !4.15 


CONCLUSION 


The data in this study support the utility of BAL in 
the armamentarium of tools available for the diagno- 
sis of diffuse pulmonary infiltrates. Yet, the operative 
and laboratory expenses of both sputum sampling 
and BAL seem excessive. In light of the present-day 
political agenda to limit medical expenditures, what 
is the role of BAL in hospitalized pediatric patients? 
It may be an acceptable and economically plausible 
alternative to begin broad-spectrum intravenous an- 
timicrobials for pneumonia (without sample for cul- 
ture), as we might for sinusitis or pharyngotonsillitis, 
and reserve diagnostic intervention for those who 
fail. 


Based on this 1-year retrospective review at The 
New York Hospital-Cornell Medical Center, the 
following recommendations are suggested. 


1. Broad-spectrum intravenous antimicrobials 
should be instituted in patients not responding to oral 
agents. 


2. Noninvasive sputum samples should be ob- 
tained on all patients who do not improve or worsen 
with institution of broad-spectrum intravenous anti- 
microbials. In those patients who are mechanically 
ventilated, deep suction lavage may be obtained. 


3. Bronchoalveolar lavage should be reserved for 
those patientsin whom Candida, CMV, or Bordetella 
pertussis is suspected. Bronchoalveolar lavage is 
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also indicated for those patients in whom sputum 
cannot be obtained, or when the presence of structural 
abnormalities must be evaluated. 


4. Gastric lavage should be utilized in children 
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suspected of having tuberculosis. 


5. Cultures ordered should be limited by such 
variables as immune status and the time of year in 
which the infection occurs. 
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EFFECTS OF PERITONSILLAR INFILTRATION ON 


POST-TONSILLECTOMY PAIN 
A DOUBLE-BLIND STUDY 
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The concept that local infiltration of the operative area with a local anesthetic when using general anesthesia could alleviate 
postoperative pain is well known. We tested this concept on 129 patients scheduled for elective tonsillectomy. The patients were 
investigated in a double-blind, randomized study, and the operation was carried out via the standard technique of infiltrating the 
peritonsillar area preoperatively. The results indicated that preincisional infiltration of the tonsils with bupivacaine hydrochloride 
markedly decreased the intensity of pain following tonsillectomy, well beyond the immediate postoperative period. 


KEY WORDS — bupivacaine hydrochloride, tonsillectomy. 


INTRODUCTION 


In the last few years, electrophysiologic studies 
have demonstrated that a noxious stimulus may acti- 
vate afferent C fibers and induce long-lasting changes 
in the excitability of dorsal horn neurons.!? These 
nociceptive impulses could contribute to posiopera- 
tive pain.? The concept that local infiltration of the 
operative area with a local anesthetic during inhala- 
tional anesthesia could alleviate postoperative pain 
has been known since the beginning of the century.^ 


In 1990 Tverskoy et aP reported that postoperative 


pain after inguinal herniorrhaphy was profoundly — 


decreased when surgery was performed with the 
addition of a local anesthetic. In 1991 Jebeles et alf 
reported that preincisional infiltration of the tonsils 
with bupivacaine hydrochloride markedly decreased 
the intensity of pain following tonsillectomy. Their 
study was based on 14 patients scheduled for tonsil- 
lectomy who wererandomly divided into two groups. 
In one, the tonsillar fossae were infiltrated with nor- 
mal saline with epinephrine, and in the other, the 
tonsillar fossae were infiltrated with bupivacaine. 


The aim of the present study was to assess the role 
of a preincisional infiltration of tonsils with bupiv- 
acaine in decreasing post-tonsillectomy pain. 


MATERIALS AND METHODS 


One hundred forty-seven patients, 6 to 25 years of 
age, scheduled forelective tonsillectomy or tonsillec- 


tomy and adenoidectomy, entered the study. These 
patients were investigated in a double-blind, random- 
ized study, and the operation was carried out by 
means of one standard technique. 


All patients received 0.006 mg/kg atropine, 4 mg/ 
kg pentobarbital sodium, and 0.5 mg/kg atracurium 
besylate for muscular relaxation. After oral intubation, 
anesthesia was maintained with fentany] citrate, oxy- 
gen, and 67% nitrous oxide. The usual physiologic 
parameters (respiratory rate, pulse, blood pressure, 
and temperature) were monitored during surgery. 
Following the induction of general anesthesia, but 
prior to the onset of surgery, the peritonsillar regions 
were infiltrated. 


The patients were randomly assigned to one of two 
groups (see Table). In one group (the bupivacaine 
group), the tissues surrounding the tonsils were infil- 
trated with 0.25% bupivacaine hydrochloride with 
epinephrine (1:200,000), 3 to 5 mL per tonsil. In the 
other group (the saline group), the tissues surround- 
ing the tonsils were infiltrated with normal saline 
with epinephrine (1:200,000). No narcotic was used 


PATIENT CHARACTERISTICS (N = 147) 


Bupivacaine 
Saline Hydrochloride Total 
Males 35 36 71 
Females 38 38 76 
Age 5-14 years 49 47 96 
Age 15-25 years 28 23 51 


From the Departments of Otolaryngology-Head and Neck Surgery (Goldsher, Podoshin, Fradis, Malatskey) and Anesthesiology (Gerstel, Vaida, 
Gaitini), Bnai Zion Medical Center and The Bruce Rappaport Faculty of Medicine, Technion-Israel Institute of Technology, Haifa, Israel. 
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Fig 1. Injection of peritonsillar areas. 
for premedication or after surgery. 


All infiltrations were performed in the same man- 
ner. The needle was inserted very superficially into 
the tonsillar pillar, and following aspiration the pillar 
was ballooned (Fig 1). Three injections into both 
pillars were made on every patient: at the superior 
pole, at the inferior pole, and between the poles. 
These six injections displaced the tonsils toward the 
midline and helped to enhance the plane of dissec- 
tion. 


All tonsillectomies were performed by means of 
the dissection and snare technique. 


The day before surgery the patients were instructed 
on how to use a visual analog scale (VAS) that 
consisted of a 100-mm horizontal line marked “no 
pain" at its left and “worst pain" at its right end.” The 
nurse helping each child with the assessments was 
blinded to the patient group. A modified version of 
the VAS for children was prepared, to simplify their 
answer (Fig 2). Two types of pain were assessed: 
constant pain (in the absence of any pharyngeal 
movement) and pain caused by drinking 100 mL of 
water. Each patient rated his or her pain, with the help 
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Fig 2. Simplified version of visual analog scale. 





of the nurse, every 4 hours for 24 to 48 hours follow- 
ing surgery. (Hospitalization time for tonsillectomies 
in our department is 48 hours.) 


The VAS results were analyzed by the Mann- 
Whitney test. A p level of < .05 was considered sig- 
nificant. 


RESULTS 


The study groups were comparable with respect to 
age and sex (see Table). Eighteen patients (of 147) 
who inadvertently received analgesics after the op- 
eration and therefore did not conform with the strict 
postoperative rules of the study were excluded. 


The results of the visual analog scores were di- 
vided into three main groups (Fig 3). The first group 
(N = 16) represented no pain or almost no pain post- 
tonsillectomy (VAS of 1 or 2), the second group (N 
= 67) represented medium pain (VAS of 3 or 4), and 
the third group (N = 46) represented severe pain 
(VAS of 5). 


The first group (VAS of 1 or 2) included 2 patients 
who received normal saline and 14 who received 
bupivacaine. All these patients suffered almost no 
pain after the operation. The difference between 
saline- and bupivacaine-treated patients was statisti- 
cally significant (p < .05). 


The second group (VAS of 3 to 4) included 32 
patients who were injected with saline and 35 with 
bupivacaine. All of them complained of medium 
pain, and some of them needed analgesics. This 
difference was not statistically significant. 


The third group (VAS of 5) included 18 patients 
injected with bupivacaine and 28 with saline. All of 
them suffered from severe postoperative pain and 
needed analgesics. This difference also was not sta- 
tistically significant. 


We did not notice any considerable difference 
between children and adults in the reduction of pain. 


DISCUSSION 


The addition of local anesthesia to general anes- 
thesia by injection of the peritonsillar area resulted in 
decreased intensity of pain following tonsillectomy. 
Similar results were obtained with postoperative pain 
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Fig 3. Results of postoperative pain complaints. VAS — 
visual analog scale (1 — least severe pain, 5 — most 
severe pain), * — p « .05. 


after inguinal herniorrhaphy: the pain intensity was 
profoundly decreased when surgery was performed 
with the addition of local anesthesia? 


Many anesthesiologists are reluctant to allow sur- 
geons to inject epinephrine-containing solutions dur- 
ing the administration of volatile general anesthetic 
because of the fear of precipitating cardiac ectopy.® 
None of the patients in our study developed ectopy. 








The duration of infiltration anesthesia with 0.2590 
bupivacaine usually lasts several hours.? If a single 
(preincisional) bupivacaine infiltration of the tonsils 
resulted in decreased postoperative pain intensity for 
5 days, the pain relief clearly cannot be explained by 
the prolonged presence of the local anesthetic in the 
area of surgery. An explanation for this long-lasting 
pain relief might be that neural blockade prevents 
nociceptive stimulus impulses from entering the cen- 
tral nervous system during and immediately follow- 
ing surgery and thus suppresses formation of the 
sustained hyperexcitable state responsible for the 
maintenance of postoperative pain. 


Two groups of investigators have recently studied 
the effect of infiltration anesthesia on post-tonsillec- 
tomy pain.8!10 Broadman et al? assessed the effect of 
bupivacaine immediately after surgery, when the 
direct pharmacologic effect of the local anesthetic 
should have been present; however, analgesia was 
reported only by Pappas et al.!° 


CONCLUSION 


The results of our study indicate that preincisional 
infiltration of the tonsils with bupivacaine markedly 
decreases the intensity of pain following tonsillec- 
tomy, well beyond the immediate postoperative pe- 
riod. 
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ALLOGRAFT TYMPANOPLASTY TYPE 1 IN THE CHILDHOOD 
POPULATION 
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Seventy allograft type 1 tympanoplasties in children under 16 years of age were studied retrospectively. Only patients with a 
tympanic membrane perforation without cholesteatoma and a normal ossicular chain were included. Short-term and long-term anatomic 
and functional results were analyzed after a mean follow-up of 40 months. The overall short-term take rate was 97% and the long-term 
take rate was 88%. A number of variables with alleged prognostic value for surgical outcome were analyzed, but none showed statistical 
correlation with either anatomic or functional results. A median hearing gain of 10 dB was achieved, which was stable over time. We 
conclude that allograft tympanoplasty type 1 in this group of children is anatomically and functionally successful regardless of age. 


KEY WORDS — allograft tympanoplasty, child, chronic otitis media, homograft tympanoplasty. 


INTRODUCTION 


A surgical treatment of chronic or recurrent otitis 
media without cholesteatoma, type 1 tympanoplasty! 
in children has always been controversial. The con- 
troversy concerning the timing of surgery is mainly 
based on valid arguments from both the literature and 
the experience of many surgeons. Immature aeration 
of the middle ear, recurrent upper respiratory tract 
infections, and a difficult surgical anatomy have a 
negative influence on surgical outcome.2? On the 
other hand, early restoration of auditory function and 
prevention of further progression of middle ear dis- 
ease (and possibly progression to cholesteatoma) 
caused by recurrent otorrhea are strong arguments in 
favor of early tympanoplasty.^? This controversy is 
certainly enhanced by the variable success rates men- 
tioned in the literature, due to large differences in 
selection criteria, definition of success, and length of 
follow-up. 


Allograft (or homograft) tympanoplasty was first 
introduced by Jean Marquet$ in 1966. He advocated 
the use of allograft tympanic membrane and ossicles 
in order to obtain an optimal anatomic and functional 
reconstruction of the middle ear in chronic middle ear 
disease (Fig 1). The present authors were trained by 
him, and as did J. Marquet, they also routinely trans- 
plant tympanic membranes in children. 


This paper reports on a retrospective analysis of 
the anatomic and functional results of type 1 tym- 
panoplasty in the childhood population. It does not 
address the alleged risk of transfer of infectious 
diseases, namely, Creutzfeldt-Jakob disease (CJD) 
and human immunodeficiency virus (HIV). Trans- 


mission of CJD has never been reported after trans- 
plantation of other than brain tissue or cadaveric dura 
mater. Itis reported in 10 cases after the implantation 
of dura mater grafts. In addition, the incidence of 
CJD is extremely low (1 per 1 million), and stringent 
criteria for donor selection should exclude donors 
who are at risk for CJD. No cases of transmission of 
HIV have been reported with nonvital allograft ma- 
terial. Preservation with formaldehyde is accepted to 
eliminate HIV.® 


MATERIALS AND METHODS 


For the present retrospective study, the consecu- 
tive files (November 1982 to November 1993) of 
children who underwent tympanoplasty type 1 under 
the age of 16 were retrieved and numbered 78. Only 
patients with atympanic membrane perforation with- 





Fig 1 . Tympano-ossicular allograft. 
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Fig 2. Age distribution at time of surgery. 


out cholesteatoma and with a normal ossicular chain 
were selected. Revision surgery was excluded, as 
well as retraction pockets and cases operated on with 
the underlay technique. Of these 78 operations, 8 
were excluded because they were considered statisti- 
cally dependent cases because the other ear had 
already been enrolled in the present study. In such a 
case, a random choice was made as to whica ear to 
include. Hence, 70 ears remained for the present 
statistical study. 


Surgery was performed under general anesthesia 
with hypotension. The technique of allograft tym- 
panoplasty according to Marquet? was used. Briefly, 
a retroauricular incision and dissection of the skin 
and of the external auditory canal is performed, 
followed by a total myringectomy. An allograft tym- 
panic membrane is fitted in the bony annulus, and the 
skin of the external auditory canal is repositioned 
over the cuff of the allograft. An external ear canal 
packing with an antibiotic ointment is left in place for 
| week. 


Allograft tympanic membranes were harvested 
and prepared in the temporal bone bank of St Au- 
gustinus Hospital, according to the standards pre- 
scribed by Belgian law (Belgisch Staatsblad, 13/6/ 
1986). The grafts were preserved by being left in 
formaldehyde for at least 2 weeks followed by Cialit 
(Hoechst Pharmaceuticals) for a minimum of3 weeks. 


Nineteen variables were studied, namely, age, sex, 
side, surgeon, cause and site of the perforation, state 
of the mucosa, state of the contralateral ear, and 
history of mastoidectomy and adenoidectomy, to- 
gether with three postoperative evaluations (at 3 and 
12 months and the latest evaluation available) in 
terms of state of the graft, presence of perforation, 
and state of the outer ear canal. Whenever available, 
four full audiometries (bone and air conduction) were 
analyzed: the preoperative audiogram, the audio- 
grams at 3 and 12 months postoperatively, and the 


TABLE 1. SITE AND SIZE OF PERFORATION 


Site and Size of Perforation % of Cases 
Small anterior 6 
Small posterior I5 
Large anterior 10 
Large posterior 24 
Large inferior 14 
Subtotal 31 


Small — restricted to one quadrant, large — restricted to two neighbor- 
ing quadrants, subtotal — occupying more than two quadrants. 


latest audiogram. Audiometry was performed in a 
soundproof room with an audiometer calibrated ac- 
cording to ISO (International Standards Organiza- 
tion) standards. A lack of response to air-conducted 
sound was coded as 120 dB, and to bone-conducted 
sound as 80 dB. Missing values were coded as such. 
Descriptive statistics were performed on all vari- 
ables. Counts, percentages, and histograms were used 
to describe nominal data. 


Hence, audiometric results (often expressed as the 
Fletcher index, ie, the mean of hearing levels at 500, 
1,000, and 2,000 Hz) were described by means of 
nonparametric statistics. Analytic statistics were per- 
formed to study the interdependence of all variables 
and the dependence of the audiometric results on the 
different variables. The null hypothesis of indepen- 
dence was tested for each two separate variables. We 
used t-tests for independent variables, x? tests, and 
ANOVA tests (analysis of variance). All tests were 
carried out two-tailed. 


A Kruskal-Wallis analysis of variance was used to 
test the dependence of the audiometric results on the 
different variables. A Pearson correlation analysis 
was used to test the dependence of the audiometric 
results on age. All tests were carried out two-tailed. A 
global level of significance for the whole present 
study of 5% was set forward. In consequence, accord- 
ing to the Bonferroni principle, a much more strin- 
gentsignificance level was set for each individual test 
and only p values of 0.196 were considered sig- 
nificant. Taking into account an alpha error of 0.001 
and a beta error of 0.20, the present study design was 
able to demonstrate audiometric differences of ap- 
proximately 10 dB. All statistics were performed by 
a computer running CSS/pc software (release 2.1; 
Statsoft Inc). 


RESULTS 


The male-to-female ratio was 59:41. The right-left 
distribution was 53:47. The mean age was 10.3 years 
(range 5 to 16 years). The mean follow-up was 40 
months (range 1.6 to 132 months). The age distribu- 
tion at the time of surgery is shown in Fig 2. The site 
and size of the perforation are shown in Table 1. The 
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TABLE 2. ANATOMIC RESULTS IN TERMS OF STATE 


OF GRAFT DURING FOLLOW-UP 
% of Cases 
3 12 Latest 

State of Graft Months Months Evaluation 
Normal graft 88 82 74.5 
Retraction 1.5 1.5 1.5 
Lateralization without 4.5 7.5 3 

FRs 
Lateralization with 6 

FRs 
Edema of graft 0 0 1.5 
Granulation on graft 3 3 1.5 
Perforation 3 6 12 


Lateralization — (partial) loss of contact between malleus handle and 
graft, FRs — functional repercussions, edema — thickening of graft 
with incomplete epithehalization. 


perforation was a sequela of chronic otitis media in 
8796, ofthe presence of a ventilation tube in 1096, and 
of trauma in 3%. The state of the contralateral ear was 
normal in 52% of cases. In 14% the contralateral ear 
showed active aeration problems such as retraction, 
atelectasis, or effusion. In 2396 a contralateral perfo- 
ration was present, and in 11% the contralateral ear 
was normal after previous surgery that had been per- 
formed for chronic otitis media. None of the con- 
tralateral ears showed cholesteatoma. The state of the 
middle ear mucosa at the time of surgery was normal 
in 86%, discharging in 2%, and edematous in 1296. In 
10% of cases surgery was combined with mastoidec- 
tomy. Information about adenoidectomy was avail- 
able in only 31 cases, in the majority of which (94%) 
adenoidectomy had been performed earlier. 


The anatomic results in terms of state of the graft 
and reperforation of the graft are presented in Table 
2 and Fig 3. The outer ear canal showed stenosis at 3 
months in 1 case, which was treated with good 
results, and edema in another case. The later evalua- 
tions showed no outer ear canal abnormalities. 
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Fig 3. Anatomic results in terms of state of graft. White — 
normal, shaded — intact with complication, black — per- 
foration. (Complications are specified in Table 2.) 


The audiometric results at3 months and 12 months 
are presented in Fig 4. The median preoperative bone 
and air conduction thresholds and the postoperative 
air conduction threshold are presented over all fre- 
quencies. The median hearing gain is 10 dB at 3 and 
12 months and at the latest evaluation. 


No significant correlation between the different 
variables was found, except for the contralateral ear, 
which in older children presented more often a his- 
tory of previous surgery for chronic otitis media than 
in younger children (p = .005). 


DISCUSSION 


The success rate of type 1 tympanoplasty in chil- 
dren varies among the different authors. This is due 
to differences in selection criteria, definition of suc- 
cess, and length of follow-up. There is no study in the 


- literature using exactly the same inclusion criteria for 


evaluation of success of type 1 tympanoplasty in 
children. All authors on this subject have studied a 
heterogeneous group including dry perforations, os- 
sicular chain damage, revision surgery, and bilater- 
ally operated cases. 


When defining anatomic success of type 1 tym- 
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Fig 4. Audiometric data. Preoperative bone conduction thresholds (black line) and preoperative and postoperative air conduction 
thresholds (lower and upper borders of black area). A) After 3 months. B) After 12 months. 
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panoplasty as a nonperforated graft, our short-term 
success rate is 97% and long-term success rate 88%. 
The success rates of other papers vary from 35%? to 
939519 because of different definitions of success. 
Bluestone et al? considered tympanoplasty to have 
failed when negative middle ear pressure or serous 
effusion returned postoperatively. Tos!! vsed the 
audiologic outcome to report surgical success in a 
population with heterogeneous disorders. It is intu- 
itively logical that surgical outcome will vary with 
the severity of disease. Papers that can be well com- 
pared with the present study in terms of inclusion 
criteria and study design report success rates of 6696 
(follow-up 25.2 months), 73% (follow-ap 23.4 
months),1? 78% (follow-up 72 months),!4 and 81% 
(follow-up 19 months).!> In all these papers, tem- 
poralis fascia was used as graft material in uaderlay. 
Compared with these papers, we report the highest 
success rate, with a long-term mean follow-up of 40 
months. It is remarkable that papers including pa- 
tients with more advanced middle ear disease, such as 
ossicular chain damage, report comparable success 
rates, 16-19 


A possible cause of failure after tympanoplasty is 
the development of secretory otitis media as a result 
of insufficient aeration of the middle ear. There is no 
reliable method for preoperative evaluation of the 
middle ear aeration, and therefore, the risk of postop- 
erative secretory otitis media is hardly predictable. 
The status of the contralateral ear may be an indica- 
tion,!2:29 although several authors reported that this 
factor had no predictive value for success of tym- 
panoplasty.1>,18,21,22 In the present study no zorrela- 
tion was found between the status of the contralateral 
ear and surgical outcome, but the relatively small 
sample size of the subgroups renders statisticzl analy- 
sis inconclusive. 


In the present study only 1 case presented with a 
perforation 4 years postoperatively after an episode 
of acute otitis media with purulent otorrhea. Four 
cases presented with a perforation after an episode of 
granulation on the graft, treated with local antibiot- 
ics. In 2 of these cases, granulation appeared 3 years 
postoperatively. In 1 case the perforation was pre- 
ceded by stenosis of the outer ear canal, which was 
treated with good results. 


Information on antibiotic administration preop- 
eratively and postoperatively was not sufficiently 
available to include it as a variable in this study. 
Antibiotics were not given systematically. A possible 
effect of antibiotics on the surgical outcome has 
never been proven. 


Previous studies have noted late graft failures even 


after many years.!4.21,23,24 The pathogenesis of these 
late failures can be related to middle ear aeration 
deficiency, which was in many cases the original 
cause of the perforation. An episode of acute otitis 
media can result in perforation of the graft, even after 
a long time. Clearance deficiency of the external ear 
followed by granulation tissue, with subsequent per- 
foration, unrelated to the aeration capacity of the 
middle ear, could be considered another possible 
cause of late postoperative perforations. Therefore, 
strict short-term follow-up for local control of the 
graft and outer ear canal during the first 6 months is 
very important. It is our policy to forbid swimming 
for 6 months and flying for 2 months. Annual control 
until the age of 16 is recommended. 


Besides perforation, an allograft tympanic mem- 
branecan show other anatomic problems (Table 2). A 
retracted graft (no retraction pocket) was found in 
1.5% on both short-term and long-term evaluation. 
MacDonald et al!® report 5 of 29 cases to show 
postoperatively retracted grafts after fascia myringo- 


plasty. 


An alleged complication of this surgical technique 
is lateral displacement of the graft. We define lateral 
displacement as the otoscopic situation of partial or 
complete loss of contact between the tympanic mem- 
brane and the malleus handle. This situation was 
found in 4.5% of cases at the short-term evaluation. 
It is evident that anatomic and functional results 
cannot be considered separately. Therefore, at the 
long-term evaluation a distinction was made between 
lateral displacement with and without functional re- 
percussion. As presented in Table 2, 4 of 6 cases (6%) 
showed lateral displacement with functional reper- 
cussion (hearing unchanged or diminished). Of these 
4 cases, only 1 showed a complete loss of contact 
between the graft and malleus, and 3 cases a partial 
loss of contact with the malleus handle. Two cases 
(3%) developed partial lateral displacement with 
normal hearing improvement as seen in the cases 
with a normal graft. These 2 cases had neither a 
functional nor a hygienic problem and the displace- 
ment cannot be called a complication. 


In the literature, controversy exists about the tim- 
ing of tympanoplasty in children with a dry perfora- 
tion. The present study shows that tympanoplasty 
was performed from the age of 5 years. No correla- 
tion was found between age and surgical outcome. Of 
course, there was a tendency to delay surgery in cases 
of recurrent upper respiratory tract infections, ade- 
noid hypertrophy, ornasal allergy, which were treated 
first. This tendency is nicely expressed by the 86% 
dry ears at the time of surgery. Still, no correlation 
was found between status of the middle ear mucosa 
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and success rate. Some authors do not recommend 
tympanoplasty under the age of 10 years.2:12,1625 
Shih et al? and Berger et al?! reported more failures 
under the age of 10 years. Sheehy and Anderson?! do 
not recommend elective surgery before 7 years and 
Raine and Singh? suggest waiting to 12 years. Sev- 
eral authors state that age is of no significant influ- 
ence,.15,17-202228 Smyth and Hassard^ recommend 
myringoplasty as early as possible. According to our 
results there is no need to delay surgery until a “magic 
age." If a child presents with favorable conditions as 
mentioned before, surgery can be performed as soon 
as possible. The cause of the perforation showed no 
correlation with graft take. There was a tendency for 
the large perforations to be less successful, but the 
correlation was not significant. Possibly, the size of 
the perforation is a measure of the stage of middle ear 
disease. More advanced middle ear disease could 
have a higher failure rate after tympanoplasty. In 
contrast with the fascia temporalis underlay tech- 
nique, the site and size of the perforation are of no 
importance in the technique of allograft type I tym- 
panoplasty, which is identical in all cases. Hearing 
function is hardly ever the main indication for allo- 
graft tympanoplasty type 1 in dry perforations, yet it 
is a factor to be evaluated. 


None of the ears presented with a postoperative 
sensorineural hearing loss or facial nerve palsy. The 


median preoperative air conduction threshold (Fletch- 
er index) was 22 dB. No statistical significance was 
found between the named variables and the audiologic 
outcome. The median hearing gain at3 and 12 months 
and at the latest evaluation was 10 dB. Of the four 
comparable papers mentioned earlier, only two re- 
port useful audiometric data.1^15 Kessler et al!5 re- 
port that 9096 of cases have a postoperative air-bone 
gap of 20 dB or less. No preoperative data were 
mentioned. Blanshard et al!4 report a closure of the 
air-bone gap to within 10 dB, averaged over the fre- 
quency range 250 Hz to 4 kHz, in 1846 at the long- 
term follow-up (6 years). Other papers are hardly 
comparableontheiraudiometricresults, because they 
include ossicular chain damage and revision surgery. 
These factors have too much impact on audiometric 
dataforcomparison with the population of the present 
study. 


In conclusion, we state that allograft type 1 tym- 
panoplasty is anatomically and functionally success- 
ful in this selected group of children, regardless of 
age. The functional success of allograft tympanoplasty 
is at least comparable to that of fascia tympanoplasty 
(according to literature reports), whereas the take rate 
appears to be higher. There is no obvious influence of 
the different variables postulated to affect the surgi- 
cal outcome of type 1 tympanoplasty. This might be 
due to the small sample size of the subgroups. 
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For information, contact Prof P. van den Broek, University Hospital Nijmegen, Department of Otorhinolaryngology, PO Box 9101, 6500 
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EARLY SOUND DEPRIVATION AND LONG-TERM HEARING 


LOUIS W. WELSH, MD 
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The long-term effects of hearing loss in early life were analyzed by tests of central auditory function. A majority of individuals failed 
the Compressed Speech identification with statistically significant results. There was an impact on a minority of individuals evaluated 
by Dichotic Sentences; little impairment was noted through Speech Reception in Noise. Delayed maturation of the central auditory 
complex may improve these findings, although during the period of investigation a negative impact was measured. Other issues of 
diagnosis, remediation, and the consequences of short- and long-term deafness are discussed. 


KEY WORDS — central auditory function, child, deafness, sound deprivation. 


INTRODUCTION 


The long-term effects of sound deprivation in early 
life have been established by many researchers.} 
These include the issues of auditory reception, lan- 
guage development, behavioral disorders, intellec- 
tual growth, and academic achievement.! We shall 
limit this investigation to the effects of prolonged 
conductive hearing loss on central auditory func- 
tion? 

The exact degree of the negative impact due to 
hearing impairment on specific functions such as IQ 
scores cannot be measured with predictable accu- 
racy. The variable impact on individuals, assuming 
equal talent, comparable innate skills, and identical 
sensory stimulation, would imply that the ultimate 
result is a summation of numerous and disparate 
factors. At the same time, many positive compensa- 
tory maneuvers may coexist to counteract the nega- 
tive aspects of hearing loss. 


The goal of this investigation is identification of 
the impact on complex hearing function later in life, 
wellbeyond the period of sensory deprivation. Atthat 
time the peripheral sensitivity that is evaluated by 
pure tones is normal. The relatively unsophisticated 
response to simple words is intact, and the general 
auditory function appears to be within normal range. 
This study evaluates higher intellectual functions for 
integration of dichotic information, central suppres- 
sion of unwanted acoustic input against wanted ver- 
bal communication, and the recognition of time- 
altered common words. 


We submit that verbal communication in societal 
interchangeisinfluenced by the composite of an ideal 
auditory environment and is degraded by the nega- 
tive impact of ambient noise. Additionally, an ideal 
rate of approximately 200 words per minute is more 
comfortably understood than speech at a greater 


density per unit time. Last, the speech quality may be 
degraded by poor articulation and inadequate inten- 
sity. Collectively, these attributes increase the diffi- 
culty to facilitate verbal auditory reception. 


Wesuggestthat the individual ability to function in 
these complex situations may be compounded by the 
partial loss of central maturation and bitemporal 
integration of the cortical auditory system during the 
early developmental stage of sensory input. 


A summation of the many negative influences! 
that are unequally distributed among individuals re- 
sults in a variable impact on auditory maturation. As 
a consequence, the ultimate auditory skills are not 
homogeneous; a wide range of function with signifi- 
cant deviation from the mean may occur in a segment 
of the total cohort. The subsequent data defend this 
concept; the fact that many are not impaired does not 
refute the hypothesis, but rather, reflects the many 
components essential to sensory maturation. 


We further propose that performance levels of 
central auditory dysfunction will not be uniform. The 
duration and degree of hearing loss (negative influ- 
ence) is counteracted by the positive factors of re- 
mediation, which include increased speech level, 
personal attention, sensory stimulation, natural in- 
herent talent, and socioeconomic status. The equa- 
tion contains so many unmeasurable components that 
the outcome must be unique. 


Incidence and Duration of OME. The duration of 
otitis media with effusion (OME) varies according to 
author.! There is some bias due to the source of the 
data; for example, school screening studies probably 
differ from the hospital or clinic reference, where the 
severity of the loss requires medical or surgical cor- 
rection. The data define the prevalence of persistent 
otitis media in children between 9.5% and 32% be- 
yond 12 months.! Shorter-term prevalence with some 
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resolution is noted at 4 weeks (20%), 6 weeks (15%), 
and 6 weeks (1096). The data from intermediate du- 
ration, that is, 6 to 12 months, identify 1596 with per- 
sistent disease. 4$ 


Age and OME. Epidemiologic studies disclose a 
prevalence of OME of about 13% from ages 1 to 6 
years, which then declines to about 7% at 7 years!; 
this figure is assumed to drop further beyond this 
age.! 


Hearing Loss and OME. The widerange of hearing 
loss due to OME extends from 0 to 60 dB hearing 
threshold level (HTL). Reported data from different 
sources reveal an average hearing loss between 15 
and 20 dB HTL,^5 27.6 dB,? and 27 dB HTL/0 — 
remarkably consistent results. By contrast, negative 
pressure identified by tympanometry (C pattern) 
without middle ear effusion may be associated with 
a loss of 10 dB HTL or greater.? A comparison of 
these data with the scale of hearing loss proposed by 
Northern and Downs!! classifies these subjects with 
a mild hearing loss. Accordingly, we suggest that an 
input deficit exists at this level and may be com- 
pounded by the negative impact of conflicting envir- 
onmental noise and the intensity of conversational 
speech. Although the Dunedin report! relied 3eavily 
on tympanometry, we observe that this technique 
does not measure hearing thresholds. Furthermore, 
the diagnoses of mixed conductive and sensorineural 
and pure nerve deafness are not identified by this 
method — a final failing of this clinically limited 
technique. 


Specific deficits in auditory processing ard elec- 
trophysiologic testing have been identified by many 
authors.!2 The report by Welsh et al? in 1983 de- 
scribed impairment shown by dichotic testing in 23% 
of individuals with previous long-term conductive 
hearing loss; 57% failed frequency-distorted speech 
beyond 2 SD, and difficulty with binaural fusion was 
found in 7746 of the cohort. A higher signal-to-noise 
ratio was required for satisfactory verbal communi- 
cation than in normal individuals, while selective 
auditory attention appeared to be deleteriously im- 
paired. As a consequence, learning disorders were 
related to verbal information impairment.! Pillsbury 
et all? concluded that MLDs (masking level differ- 
ences) were abnormally small and proposed that an 
inability to extract signals from noise witn poor 
auditory processing resulted from chronic early ear 
disease. Significant prolongation of auditory brain 
stem response III and IV intervals was observed by 
Folsom et al!4 in 1983. 


METHODS AND MATERIALS 
Forty-five subjects, 6 to 21 years of age, were 


surveyed; the hearing threshold level was 10 dB or 
better, and speech discrimination (PB 50; phoneti- 
cally balanced 50) exceeded 90%. In addition to basic 
audiometry, the authors utilized the dichotic compet- 
ing sentence test of Willeford and Burleigh,? the test 
by Beasley et alló of monaural compressed speech, 
and the authors’ test of discrimination in noise (40 dB 
sensation level and 5 dB signal to noise ratio). 


The age distribution of the children was as follows: 
age, 6, 8 subjects; age 7, 7 subjects; age 8, 7 subjects; 
age 9, 4 subjects; age 10, 6 subjects; and age 11 and 
older, 13 subjects. All subjects had a reported history 
of middle ear effusion and hearing loss that occurred 
during the first 4 years of life and persisted for at least 
1 year. All subjects had previously required middle 
ear tubes to resolve their otitis media, but they had 
normal hearing at the time of this testing by audio- 
metric evaluation. Various descriptions of minor 
speech-language, reading, and other academic dif- 
ficulties were given by parents and teachers alike. 
These were all described as normally intelligent chil- 
dren with no significant academic deficiencies. 


RESULTS 


Competing Sentences. The test identifies simulta- 
neous binaural reception of different stimuli; the 
locus of dysfunction is isolated to the posterior region 
of the temporal lobe.!> There are 37 subjects in this 
section; the norms were previously derived from 50 
unimpaired subjects. Dominant and weak ears are 
described rather than right and left, since the sinistral 
is occasionally the strong ear. Normal maturation 
reveals a slow catch-up of the weak ear to the strong 
by age 11; the range of normal function is wide in the 
early years, particularly on the nondominant side. 


The data are reported on the basis of standard 
deviation from the mean norms. Thirteen of the 37 
individuals exceed 2 SD by 10% or greater. Reversal 
of dominance appears in a scatter fashion in each age 
segment, although the strong ear measures within the 
normal range in these subjects. Although the data are 
limited, a minority of subjects reveal a delay in 
maturation, but a trend toward gradual improvement 
is suggested (Fig 1). 


Discrimination of Speech in Noise. Normal ears 
can readily extract meaningful speech from back- 
ground noise; this function is considered to be a 
central auditory phenomenon. This simple test may 
reveal children with an auditory learning disability, 
and reflects an inability to hear comfortably in the 
presence of ambient speech.17.18 


Forty-seven subjects were evaluated and com- 
pared to the normal mean scores of approximately 
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Fig 1. Normative data for right and left ears using 
Willeford’s competing sentences are reported by age and 
demonstrate that while right ear is essentially stable over 
time, left ear improves with maturation. Solid line repre- 
sents 2 SD from norms; individual scores are recorded 
from right and left ears. 


94%. The standard normal deviations for ages under 
8, 8 to 10, and 11 and older diminish from 5.9% to 
2.8% with increasing age. The range of individual 
performance extends from 84% to 100%. Four of the 
47 subjects scored in excess of 2 SD (less than 10% 
of the total). Other data (unpublished material by 
Welsh et al) indicate that as the signal-noise ratio 
increases beyond the 5 dB utilized in this study, a 
further separation in the data becomes apparent (Fig 
2). 


Word Compression and Intelligibility. Acceler- 
ated speech at 60% is usually recognized without 
difficulty in normally functioning ears; an impair- 
ment was reported in the learning-disabled, although 
the locus of dysfunction has not been defined.!® The 
Beasley et al!® test utilized CNC (consonant-nucleus- 
consonant) monosyllabic words; the spectral compo- 
nents are intact without frequency distortion; only the 
duration of exposure is modified. The normal mean 
values extend from approximately 70% (under 8 
years) to 91% (beyond 10 years). The standard devia- 
tions are approximately 8% in the youngest and 6% 
in the eldest studied. Comparison to the test group 
reveals a wide range of response in each segment. 
Overall, 69% of the group fell within the 2 SD range; 
the remaining 14 individuals deviated widely from 
the mean values. This observation was most notice- 
able in the 8- and 10-year brackets (Fig 3). 


DISCUSSION 


An overview of the data from this investigation 
indicates that a negative performance scale greater 
than 2 SD was noted in 30% of the competing 
sentence test, 10% of speech in noise, and 41% of 
compressed speech. Comparison with the normal 
data revealed a wide disparity of function, particu- 
larly with respect to the maturation patterns of normal 
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Fig 2. Discrimination in noise is reported from response to 
taped monosyllabic W-22 word lists presented at plus 5 dB 
signal-to-noise ratio embedded in speech noise. Norma- 
tive mean values extend from 92% to 97%, demonstrating 
mild improvement with maturation. That few individuals 
fall below 2 SD suggests little impact on speech reception 
due to environmental noise. 


subjects. As a group, the data from accelerated speech 
testing were statistically significant, supportinganeg- 
ative impact on the ability to understand rapid con- 
versation. By contrast, the data derived from compet- 
ing sentences and environmental noise were not, as 
a group, statistically significant; nonetheless, within 
this cohort, a segment illustrated impairment. We 
conclude that the long-term impact of verbal recogni- 
tion with the masking effect of simultaneous noise 
seems to be negligible. The results from binaural 
identification of dichotic sentences continues to re- 
veal poor maturation and a persisting weak ear. 


As clinicians, we suggest that the prolonged hear- 
ing loss due to otitis media must be considered in the 
short and long term. The immediate impairment 
resulting from prolonged effusion is sound and ver- 
bal deprivation secondary to a loss of auditory sensi- 
tivity. The consequence is diminished speech input 
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Fig 3. Beasley’s compressed speech, set at 60% compres- 
sion, was utilized in this study. Individual performance 
data are plotted with reference to normal mean values. 
That significant number of subjects fall below 2 SD sug- 
gests receptive dysfunction in hearing. 
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and an isolation from social and educational experi- 
ence. The immediate damage may be reflected in de- 
lay inearly vocabulary development, delay in speech, 
and limitation of intellectual potential. In the later 
period during the early school years, the loss of aca- 
demic achievement, specifically in reading-oriented 
skills, has long been described.!9-33 Over the entire 
period, the problem of central reception of verbal data 
by the auditory system is recognized. Binaural inte- 
gration of dichotic or diotic data, communication in 
competitive noise, identification of distorted speech, 
and extraction of verbal data from noise are abnormal 
in a minority of individuals. 


The authors suggest that the performance data 
must be considered individually rather than by group 
or mean values. Since only a few fall outside the 
normal values, examination ofthe mean or group data 
would fail to identify these individuals. Of irterest, 
these data and others? indicate that the patterns of 
central auditory disability identified by a battery of 
studies!? reveal variable dysfunctions rather than a 
uniform characteristic of disability. We suggest that 
this phenomenon represents multifocal areas of func- 
tional involvement within the central auditory sys- 
tem. As part of the mechanism, we suggested a 
deleterious effect on high-frequency integration from 
dichotic verbal stimulation.? Further, we commented 
on the impairment of cortical integration, particularly 
in syllabic fusion studies — a second disturbance in 
the central auditory system. 


Although this current study discusses the data of 
early hearing loss and the sequelae thereof and the 
many -faceted disabilities of cognitive and communi- 





cation skills, we should certainly not overlook the 
impact of prolonged conductive hearing loss, whether 
of recent onset in grades kindergarten through fifth, 
or as an ongoing problem from infancy. While anec- 
dotal, difficult to measure, and variable in degree, 
countless occurrences of teacher's concerns, parental 
anxiety, and relative failure in school confirm the 
immediate result of middle ear effusion and hearing 
loss. 


We mentioned in our earlier report? that a predict- 
able level of individual central auditory damage 
could not be determined from an analysis of these 
previous and current group data. The impacts of 
deprivation vary individually by the degree and dura- 
tion of hearing loss and, finally, the positive maneu- 
vers for compensation, ie, lipreading and speech 
education. Other authors?^95? have subsequently ech- 
oed this attitude; in fact, we doubt that the problem of 
a quantitative assessment of dysfunction will ever be 
resolved. Factors of longitudinal study, sufficient 
numbers of subjects for statistical analysis, socioeco- 
nomic status, and the variability of research protocols 
are mentioned. The complexity of these issues and 
the quest to overcome these factors plagues our 
colleagues. Finally, the financial expenditure in per- 
sonnel, subjects, and equipment may preclude a final 
resolution of the issue. In spite of these negative 
aspects, we suggest that preventive remediation be 
utilized against prolonged hearing loss. In conjunc- 
tion with others,?$ we comment that the issues are of 
such importance that an aggressive approach must be 
taken to minimize the negative impact of sensory 
deprivation, specifically hearing loss. 
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ADDENDUM 


The central limit theorem was applied to the data from Competing Sentences and Speech in Noise for statistical analysis. This theorem 
states that a random variable that is the summation of several independent factors will have an approximately normal distribution of 
values. The chance of an excess of 2 SD above or below the mean is at most approximately .05, and for 3 SD, .0003. We conclude that 
an extreme individual measurement reflects some persistent or nonrandom cause, such as the multiplicity of factors involved in the 


development of and correction for sound deprivation. 
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PREVALENCE OF SEVERE TO PROFOUND SENSORINEURAL 
HEARING LOSS IN CHILDREN HAVING FAMILY MEMBERS WITH 
HEARING IMPAIRMENT 


SIRAJ M. ZAKZOUK, MD, FRCS 


SAMEER ALI BAFAQEEH, MD, FACHARTZ 


RIYADH, SAUDI ARABIA 


The purpose of this paper is to study the prevalence rate of hearing impairment among children with siblings and family members 
having hearing and speech disorders. A random survey of 6,421 Saudi infants and children between 2 months and 12 years of age was 
conducted in the Riyadh area. Children with no or few siblings and those who were firstborn were at relatively higher risk, and there was 
a strong association between children in the hearing-impaired group among those having living siblings with deafness. Those children 
who had family members with hearing and speech problems were at twice the risk of their counterpart groups regarding hearing 


impairment. 


KEY WORDS — consanguinity, deafness, hearing loss, heredity. 


INTRODUCTION 


Research data on siblings, cousins, or family mem- 
bers with hearing disorders has led to an increased 
understanding of genetic causes of hearing impair- 
ment. Furthermore, the older a population of chil- 
dren, the better the information regarding younger 
siblings or cousins who might have been born with 
genetic hearing disorders. Childhood hearing impair- 
ment may be acquired or genetic (hereditary). The 
identification of hereditary deafness is reached by 
careful taking of family, pregnancy, birth, and in- 
fancy history, by careful physical examination of the 
affected individual and other family members, and by 
the necessary laboratory work. Hereditary hearing 
impairment may be conductive or sensorineural and 
may be congenital or delayed. Congenital forms 
appear at the time of birth, and delayed (heredode- 
generative) hearing loss develops subsequent to birth. 
In this study, only severe (61 to 80 dB) to profound 
(81 dB or more in the better ear) sensorineural hear- 
ing loss is considered, with no attempt to differentiate 
between the congenital and delayed types. Hearing 
loss or impairment is defined as a loss of more than 
25 dB in the better ear. The factors that identify those 
infants whoareatrisk for hearing impairment include 
the following. 


1. Family history of childhood hearing impairment. 


2. Prenatal and perinatal infections (ie, rubella, cy- 
tomegalovirus, syphilis, herpes simplex). 


3. Anatomic malformation of the ear, head, and 
neck. 


4. Birth weight less than 2,500 g. 


5. Hyperbilirubinemia at a level exceeding the indi- 
cation for exchange transfusion, depending on 
age and weight (340 ug/L or 20 mg/100 mL). 


6. Bacterial meningitis. 


7. Severe neonatal asphyxia. 


In Saudi Arabia, few studies have been done re- 
cently. In those available,!-3 etiology was not studied 
in detail. This paper will deal with the family history 
of hearing loss and will assess the correlations of 
hearing and speech disorders among siblings and 
family members and the prevalence of hearing im- 
pairment. 


MATERIALS AND METHODS 


A random sample survey of 6,421 Saudi infants 
andchildren below the age of 12 years was carried out 
in Riyadh, Saudi Arabia, for the 27-month period 
from May 1988 to September 1990. The sampling 
was designed to have an adequate and representative 
covering of all socioeconomic and demographic 
groups of the Saudi population living in Riyadh. 


The sampling design was essentially a three-stage 
stratified random sampling using age and sex as 
stratifying factors in the final stage. The city was 
divided into 93 administrative areas and these areas 
were distributed into six strata according to socioeco- 
nomic homogeneity. One fifth of the areas in each 
stratum were chosen by a simple random method. 
Each area was further subdivided into roads and the 
latter were subsequently divided into smaller blocks 
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Fig 1. Ages of children in study. 
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of approximately equal size; and a sample of each 
block was randomly selected. Within each block 
selected, a systematic process was used whereby a 
random starting point was chosen and a predeter- 
mined zigzag route followed, so that we called at 
every other household encountered. There were two 
survey teams; each included an otolaryngology spe- 
cialist, a nurse, a social worker, and a field supervi- 
sor. The team established whether there were any 
children in the house, and if so, after obtaining per- 
mission from the family, proceeded to clinical exami- 
nation of the child and completed the relevant ques- 
tionnaire with the parent (mainly the mother), which 
included, among many other variables, the age, sex, 
birth weight, parents’ relationship, family history of 
deafness, complaints of hearing or speech defect, 
history of exposure to the known causative factors of 
childhood deafness, and perinatal history with spe- 
cial emphasis on the presence or absence of the risk 
factors for hearing impairment. Each child was as- 
signed a code number and the questionnaires were 
subsequently designated by code number only. A 
series of investigations were routinely undertaken. 
All of the children were screened and those with a 
suspected history of deafness or exposure to the 
known risk factors were subjected to a pediatric and 


otological examination. Hospital records were ob-. 


tained on all the children to determine if any signifi- 
cant abnormality had occurred in pregnancy or dur- 
ing or after birth. 


As part of the testing done, pure tone audiometry 
or auditory evoked response was done in the hospital 
to determine the extent and type of any hearing 
impairment. The auditory brain stem evoked re- 
sponse was used only in children who were unable to 
cooperate. These tests were done by a qualified 
audiologist in the audiology unit. A pure tone au- 
diologic evaluation for young children used the meth- 
ods of limits by air conduction of 250 to 8,000 Hz and 
bone conduction of 500 to 4,000 Hz. The standard 
technique was employed for masking air and bone 
conductions. Brain stem auditory evoked potential 


TABLE 1. “AT-RISK” AND “NORMAL” CHILDREN 
BY DEMOGRAPHIC CHARACTERISTICS 


Results of Examination 


Demographic At Risk Normal 
Sex 

Boys 10.76 (691) 89.24 (2,841) 

Girls 8.79 (565) 91.21 (2,324) 
Age 

12 mo or younger 8.3 91.7 

13-24 mo 9.2 90.8 

25-36 mo 10.5 89.5 

37-48 mo 12.0 88.0 

49-60 mo 12.3 87.7 

61-72 mo 11.3 88.7 

73-84 mo 11.7 88.3 

85-96 mo 8.4 91.6 

97-144 mo 6.8 93.2 


Data are percentages (row percentage = 100). In parentheses are 
numbers of children. 


waves were elicited by click stimuli generated by a 
100-millisecond square-wave electrical pulse through 
earphones. 


Recordings were made at a stimulus of 60 dB 
above hearing threshold Jevel (dB HL). Three elec- 
trodes were placed at three points on the head, ie, left 
and right mastoid on both earlobes, and at the central 
zone. Recordings were made routinely between the 
vertex and the ipsilateral ear. Impedance audiometry 
in the form of tympanogram, acoustic threshold, and 
acoustic reflex decay was done in some of the chil- 
dren. 


By means of the general and otolaryngological 
examinations, the series of investigations, and the 
risk factors, all the sampled children were examined 
to identify those children at risk of hearing impair- 
ment. The effect of hearing disorders among siblings 
and family members on the prevalence rate of hearing 
impairment was also assessed. 


RESULTS 


Among the total number of Saudi infants and 
children involved in the study, 1,256 (19.5696) of 
them were judged to be "at risk" of hearing impair- 
ment, while 5,165 (80.44%) of them were judged to 
be normal (not at risk). 


The sample survey consisted of a total of 6,421 
Saudi children: 55% (3,532) were boys and 45% 
(2,889) were girls. (The latest census in Saudi Arabia 
showed that 51% are males and 49% are females.) 


The ages ranged from 2 months to 12 years of age, 
with an average of 56.67 months old. The age distri- 
bution of the sampled children is shown in Fig 1. 
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TABLE 2. AUDIOLOGIC FINDINGS 


Hearing Loss No. of Children 
Conductive 
15-25 dB 112 
25-35 dB 168 
35-50 dB 46 
Severe to profound SNHL 
Bilateral 155 
Unilateral 13 


SNHL — sensorineural hearing loss. 


Altogether, about half of them (49.9%) were under 
the age of 4 years, while 20% were between 4 and 6 
years old, and 29.8% were older than 6 years of age. 
Only 0.3% of the sampled children did not give their 
accurate age at the time of the study. 


Table 1 shows the two groups of sampled Saudi 
children — “at risk” and "normal" — by demo- 
graphic characteristics. With regard to the sex of the 
children, the present sample indicated that 10.76% of 
the at-risk children were boys (691) and 8.79% were 
girls (565). 


The number of infants and children with hearing 
impairment was 494: 168 with sensorineural hearing 
loss, and 326 with conductive hearing loss. Out ofthe 
168 with sensorineural hearing loss, 111 had bilateral 
severe to profound hearing loss that was congenital 
and hereditary (1.73% of the total number) and 57 
had loss that was acquired. The audiologic findings 
are shown in Table 2. 


With the exception of 1.7% of the sample, the other 
children had at least 1 brother or sister. About 17.5% 
of them had 1 or 2 siblings, 28.0% had 3 or 4 siblings, 
46.6% had 5 or more siblings, and in 6.2% the number 
of siblings was unknown (Fig 2). The average num- 
ber of siblings in this sample was 5.39, with a range 
from 1 to 13. Siblings older than 12 years of age were 
not included among the total number surveyed. 


Two hundred fifty-seven children had a positive 
family history of deafness (0.7% mother, 0.9% fa- 
ther, 2.3% siblings, 1.1% uncles, 0.5% aunts, and 
0.8% cousins), ie, 4% of the total sample surveyed. 
Those with actual hearing impairment were 72 chil- 
dren. The number of children with a positive family 
history but not deaf was 185; 35 of them were also 
considered at risk because they were exposed to other 
risk factors, namely, meningitis and low birth weight. 


Our results show that the rate of hearing impair- 
ment among children whose siblings have hearing 
problems is 24.8%, compared to 7.7% among the 
total children surveyed (p < .001) and 7.3% among 
children with normal-hearing siblings. 
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Fig 2. Numbers of siblings. 


The total number of siblings of the hearing-im- 
paired children was 511. One hundred seventy-three 
siblings (35%) of the children with hearing impair- 
ment showed hearing problems, as compared to 7.7% 
of the total sample (p < .001). 


Regarding the age of the children, relatively higher 
at-risk rates were found among children between the 
ages of 2 and7 years old. All other age groups had at- 
risk rates below the total sample’s average rate. 


The prevalence of consanguineous marriages 
among parents of all the children surveyed was found 
to be 22.1% first cousins and 23% second cousins. 
Consanguinity among children with hearing impair- 
ment was found to be 46%, compared to 36.4% 
among normal-hearing children. Consanguineous 
marriage is encouraged as part of the social customs 
in Saudi Arabia. 


DISCUSSION 


The occurrence of hearing impairment within one 
or more of the family members presents a diagnostic 
problem when there are no physical features present 
to enable identification of a syndrome. Investigation 
should be carried out to identify environmental fac- 
tors that may have caused the defect or accompany- 
ing features that may signify a genetic condition for 
which the mode of inheritance is known. 


In spite of vigorous investigation by the means 
currently available, there are an appreciable number 
of children for whom no causative factors can be 
identified in etiologic investigation,*§ 


In this paper, a large-scale epidemiologic study to 
identify children at risk of hearing impairment was 
carried out. One of the purposes of this study was to 
assess the effect of hearing and speech disorders 


. among siblings and family members on the preva- 


lence rate of hearing impairment. Our results showed 
that whenever one's siblings have hearing or speech 
problems, one's probability of having these problems 
increases accordingly. The results did not show any 


Zakzouk & Bafageeh, Family Prevalence of Hearing Loss 885 


statistical relationship with whether their mothers or 
fathers or aunts had hearing problems. 


The prevalence of consanguineous mating is dic- 
tated to a large extent by culture, tradition, religion, 
and civil law. It is extremely common in some parts 
of the world, like southern India,’ because of tradi- 
tions; while it is not common in other parts, such as 
North America, because the low birth rate reduced 
the number of relatives available and also because 
some consanguineous marriages are prohibited by 
law orreligion. This study showed that consanguinity 
is widely practiced in this Saudi community: first- 
cousin marriage was present in 22.1% of the parents 
of the children, and more distant consanguinity (sec- 
ond cousins) was present in 23%. This high fre- 
quency of consanguinity is due to social customs, the 
practice of arranged marriage within the families, and 
unawareness of the public about the adverse genetic 
effects of such practices. While marriages within 
certain degrees of kindred such as uncle-niece mating 
are prohibited on religious grounds in Saudi Arabia, 
other consanguineous marriages, such as first cous- 
ins mating, are encouraged as part of the social 
customs. 


The majority of hereditary hearing loss (70% to 
80%) is inherited by a recessive single gene.? Con- 
sanguineous marriage increases the risk of autosomal 
recessive inheritance. It also increases the risk of 
transmission of polygenic (multifactorial) inherit- 
ance. This uncommon type of inheritance is not fully 
understood, but it is postulated that multiple genes 
contribute to the disease and that each individual has 
a threshold above which the abnormality will be 
manifest.!° A further point is that for multifactorial 
inheritance, the risk to subsequent siblings is higher 
when the parents are consanguineous than when they 
are unrelated.!! 


In the event that mating of the individual with an 
isolated hearing loss takes place with an affected 
spouse, the risk to the offspring would depend on 
whether the hearing loss of the affected spouse was 
genetic or not. 


Newton!? has reported that according to Mendel’s 


law the actual risk for a sibling of a child with an 
isolated hearing loss to have a sensorineural hearing 
loss is 1 in 4 if the loss is the result of an autosomal 
recessive trait, and there is a negligible risk if there is 
an environmental cause. If a sibling in an isolated 
case has a hearing defect, then autosomal recessive 
inheritance is indicated in most instances because of 
the low likelihood of a second new dominant muta- 
tion. À very low or negligible risk would also apply 
ifthe loss was the result of a dominant mutation, and 
a risk estimate of 1 in 9 has been indicated by 
segregation analysis for Newton's study groups as a 
whole. This is less than the risk of 1 in 6 suggested by 
Stevenson and Davison! and Harper.1^ The risk for 
asibling of apatient with deafness has been examined 
by using the method of segregation analysis em- 
ployed by Taylor et al.4 Segregation analysis is based 
on Mendel's first law, in which the ratio of normal 
homozygote dominants to heterozygote carriers to 
affected homozygote recessives is 1:2:1.!2 


Hearing lossis likely to be found if there is a family 
member with a sensorineural hearing loss, and can be 
predicted more readily in those instances in which the 
hearing loss is recessive in origin. 


Gene expressivity has been described as varying 
little within sibships.!> This indicates that the degree 
of hearing loss likely to be found if any sibling of a 
child with isolated hearing loss is hearing-impaired 
would be similar to that of the first affected child. 
Where the loss in the latter follows a deteriorating 
course, then a similar progression would be expected 
in a sibling. 


Our study has shown that children exposed to a 
greater risk of hearing impairment are those who 
have hearing-impaired siblings. Those children and 
their family members should be followed closely to 
identify as early as possible the hearing-impaired 
child in order to provide him or her with proper 
medical care and follow-up. 


In summary, those children who had family mem- 
bers with hearing and speech problems were at higher 
risk compared to their counterparts regarding hearing 
impairment. 
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COPENHAGEN OTITIS MEDIA CONFERENCE 


The Copenhagen Otitis Media Conference — Third Extraordinary International Symposium on Recent Advances in Otitis Media 
will be held in Copenhagen, Denmark, June 1-5, 1997. For more information, contact Copenhagen Otitis Media Conference, Secretariat, 
ENT Department, Gentofte University Hospital, DK-2900 Hellerup, Denmark; telephone +45 3977 3833; fax +45 3977 7634. 
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INNER EAR MEDICINE AND SURGERY 


The Sixth Symposium and Workshops on Inner Ear Medicine and Surgery, combined with the Prosper Meniere Society Annual 
Winter Meeting, will be held in Aspen/Snowmass, Colorado, March 22-29, 1997. For further information, contact Prosper Meniere 
Society, c/o Jane Wells, Meeting Coordinator, 300 E Hampden Ave, Suite 401, Englewood, CO 80110; telephone (303) 788-4235; fax 
(303) 788-4234. 
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EUSTACHIAN TUBE FUNCTION AND MIDDLE EAR BAROTRAUMA 
ASSOCIATED WITH EXTREMES IN ATMOSPHERIC PRESSURE 


TAKASHI MIYAZAWA, MD 


HIROMI UEDA, MD 


NORIYUKI YANAGITA, MD 


NAGOYA, JAPAN 


Eustachian tube (ET) function was studied by means of sonotubometry and tubotympano-aerodynamography (TTAG) prior to and 
following exposure to hypobaric or hyperbaric conditions. Forty normal adults were subjected to hypobaric pressure. Fifty adults who 
underwent hyperbaric oxygen (HBO) therapy also were studied. Following hypobaric exposure, 14 of 80 ears (17.5%) exhibited middle 
ear barotrauma. Following hyperbaric exposure, 34 of 100 ears (34%) exhibited middle ear barotrauma. Dysfunction of the ET, 
characterized by altered active and passive opening capacity, was more prevalent following exposure to extremes in atmospheric pressure 
compared to baseline. The ET function, which was impaired after the first HBO treatment, improved gradually over the next 2 hours. 
Overall, however, ET function was worse after the seventh treatment. The patients who developed barotrauma exhibited worse ET 
function prior to hypobaric or hyperbaric exposure. Thus, abnormal ET function can be used to predict middle ear barotrauma prior to 


exposure to hypobaric or hyperbaric atmospheric pressure. 


KEY WORDS — atmosphere exposure chamber, atmospheric pressure, barotrauma, eustachian tube, hyperbaric oxygenation, 


middle ear. 


INTRODUCTION 


Rapid changes in atmospheric pressure can be 
experienced as a fullness in the ear. These changes 
often are encountered during travel, particularly by 
airplane, and during underwater diving or hyperbaric 
oxygen (HBO) therapy. When there is a sufficient 
change in the ambient atmospheric pressure coupled 
with an inability to equalize the pressure in the middle 
ear with the atmosphere (by opening the eustachian 
tube [ET]), aural barotrauma occurs.!-!! This issue 
has become more clinically significant as people 
spend more time in different atmospheric environ- 
ments. A knowledge of the sequelae of maladjusted 
pressure in the middle ear is essential for all otologists 
in the era of air transport, and with exploration of the 
undersea world.!? 


Continuous administration of pure oxygen under 
hyperbaric conditions (HBO therapy) increases the 
dissolved oxygen content in the blood out of propor- 
tion to the increase in environmental pressure. Thus, 
HBO can be used in the treatment of acute, chronic, 
generalized, or localized hypoxic disorders. It can be 
anticipated that remarkable results will be achieved 
with this technique, which is currently used in the 
treatment of sudden deafness, idiopathic bilateral 
sensorineural hearing loss, and Bell’s palsy.!3-14 Of 
considerable significance, therefore, is the fact that 
patients undergoing this therapy often complain of 
ear pain and fullness that can be transient or long- 


lasting. 


We objectively measured changes in ET function 
in adults prior to and following exposure to extremes 
in atmospheric pressure in a low-pressure chamber or 
a hyperbaric oxygen chamber using sonotubometry 
with swallowing and the impedance method of tubo- 
tympano-aerodynamography (TTAG) with Valsal- 
va’s maneuver. This study was designed to determine 
the prevalence of middle ear and ET dysfunction with 
rapid changes in atmospheric pressure, and to iden- 
tify patient groups at risk for developing middle ear 
barotrauma. 


MATERIALS AND METHODS 


Influence of Hypobaric Exposure. A group of 40 
normal, healthy adults (80 ears) were studied. There 
were 33 men and 7 women. Their ages ranged from 
20 to 47 years (mean age 29 years). The subjects were 
screened by history and physical examination for the 
presence of nasal or ear disease by a team of oto- 
laryngologists. Prior to and following exposure to 
hypobaric pressure in the hypobaric chamber of the 
Research Institute of Environmental Medicine, Na- 
goya University, ET function tests were performed, 
and the tympanic membrane was examined. The 
pressure was reduced (ascent) and applied (descent) 
at a rate of 0.015 atmospheres absolute (ATA) per 
minute (Fig 1). In most commercial aircraft, cabin 
pressure is reduced at a rate of 0.015 ATA/min (at an 
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Fig 1. Decompression pattern in hypobaric chamber. 


ascent of 150 m/min), and increased at a rate of 0.009 
ATA/min (at a descent of 90 m/min). The subjects 
were instructed to perform Valsalva’s maneuver, or 
to swallow when they experienced ear fullness or 
otalgia in the hypobaric chamber. Pure oxygen was 
administered intermittently if necessary. 


The JK-04 ET function analyzer (RION, Tokyo, 
Japan) was used to perform sonotubometry and im- 
pedance TTAG. Eustachian tube function can be 
evaluated by passive and active opening capacity; 
this is the ability of the ET to open actively by 
swallowing and to open passively by increased na- 
sopharyngeal pressure induced by Valsalva's ma- 
neuver.!5-!8 Sonotubometry is a method of assessing 
the active opening capacity of the ET. Sound is pre- 
sented into the nares and detected by means of a mi- 
crophone placed in the external auditory canal.!9-22 
The subjects perform a sequence of two dry swallows 
over a period of 10 seconds. If the ET opens, a brief 
interval of increased sound transmission is detected. 
Impedance TTAG is performed by means of the si- 
multaneous recording of impedance in the tympanic 
membrane and nasopharyngeal pressure. The passive 
opening capacity ofthe ET with Valsalva's maneuver 
can be detected in a wave pattern of impedance 
changes recorded from the external ear canal.?3-26 
The tubal opening pressure was recorded, and the 
mean values were calculated (Fig 2). 


Influence of Repetitive Hyperbaric Exposure. Fifty 
adolescent or adult patients (100 ears; 26 males and 
24 females) underwent HBO therapy for sudden 
deafness, idiopathic bilateral sensorineural hearing 
loss, or Bell’s palsy from 1993 to 1994 at the Hospital 
of Nagoya University. Their ages ranged from 13 to 
69 years (mean 44 years). Only patients without 
symptoms or signs of middle ear disease were in- 
cluded. The HBO therapy was performed in a large 
chamber that can accommodate 10 people simulta- 
neously in order to eliminate the risk of explosion and 
to ensure safe treatment. The HBO therapy was 
administered at a pressure of 2 ATA for 60 minutes. 


Nasopharyngeal Pressure 





Tympanic Pressure 


Fig 2. Schematic representation of nasopharyngeal pres- 
sure and impedance in tympanic membrane indicating 
measurement points for determining tubal opening pres- 
sure, Which corresponds to minimum nasopharyngeal 
pressure for ventilation (A~A’). 


Compression to 2 ATA occurred in 7 minutes, with 
decompression in 13 minutes (Fig 3). Patients re- 
ceived one treatment per day. The number of HBO 
treatments ranged from 9 to 24 (mean 16). All pa- 
tients were routinely instructed to equalize middle 
ear pressure during treatment with Valsalva's ma- 
neuver or swallowing. Compression or decompres- 
sion was suspended temporarily if otalgia occurred. 
If complications were too severe to continue treat- 
ment, HBO therapy was discontinued for several 
days. Thetympanic membrane was examined prior to 
each treatment. The JK-04 was used to perform 
sonotubcmetry and impedance TTAG. Eustachian 
tube function testing was performed prior to treat- 
ment and following the first, seventh, and last HBO 
sessions. After the first HBO session, measurements 
were made immediately after decompression, and 1 
and 2 hours later. 


Statistical analysis was performed by the x? test 
and Student's t-test. A p value of < .05 was consid- 
ered significant. 


RESULTS 


Hypobaric Exposure. At the time of enrollment in 
the study, all 40 subjects had normal tympanic mem- 
branes. Most subjects developed a sensation of full- 
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Fig 3. Pressurization pattern during hyperbaric oxygen 
therapy. 
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Fig 4. Active eustachian tube (ET) opening 
assessed by sonotubometry following hypobaric 
exposure. A) Incidence of ET opening. B) Dura- 
tion of ET opening. 


Incidence of Opening (%) 


Prior to Exposure Following Exposure 


A 


ness in their ears during decompression and compres- 
sion. Otalgia during compression was reported by 10 
subjects. Congestion or hemorrhage of the tympanic 
membrane was noted in 14 (17.5%) of the 80 ears 
after treatment. None of the patients developed inner 
ear barotrauma. 


The incidence of active opening of the ET was 
significantly lower, and the average duration of open- 
ing was slightly shorter, following hypobaric expo- 
sure (Fig 4). In the group that developed barotrauma 
the postexposure incidence of active opening was 
significantly lower than in the group that did not 
develop barotrauma (Fig 4A). The duration of open- 
ing in the barotrauma group was significantly shorter 
than in the non-barotrauma group, both prior to and 
following hypobaric exposure (Fig 4B). 


The incidence of passive ET opening assessed by 
impedance TTAG was significantly lower following 
hypobaric exposure (Fig 5A). In addition, the aver- 
age opening pressure was slightly elevated (Fig 5B). 
In the group that developed barotrauma, the postex- 
posure incidence of passive opening, and the preexpo- 
sure and postexposure opening pressures, were not 
significantly different from those in the non-baro- 
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Repetitive Hyperbaric Exposure. Most patients 
developed a sensation of fullness in their ears during 
HBO treatment. Congestion or hemorrhage of the 
tympanic membrane, or fluid or blood in the tym- 
panic cavity, was noted in 34 of the 100 ears (34%). 
Middle ear barotrauma occurred following 6 (SD z 3) 
sessions. No patients developed innerear barotrauma. 


The incidence of active opening of the ET was 
significantly lower 1 hour following the first hyper- 
baric exposure, and following the seventh session, 
when compared to baseline (Fig 6A). There was no 
significant difference in the incidence of active open- 
ing prior to exposure and at the termination of treat- 
ment. The group that developed barotrauma exhib- 
ited a significantly lower incidence of ET opening 
compared to the group that did notdevelop barotrauma 
throughout the course of HBO therapy. The average 
duration of opening (Fig 6B), incidence of passive ET 
opening (Fig 6C), and opening pressure (Fig 6D) 
followed a similar pattern following hyperbaric ex- 
posure. 


The patients were classified into three groups 
based on the results of ET function testing prior to 
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Fig 6. Findings following hyperbaric exposure. A) Incidence of active ET opening as assessed by sonotubometry. B) Duration 
of ET opening as assessed by sonotubometry. C) Incidence of passive ET opening as assessed by tubotympano-aerodynamog- 
raphy. D) Tubal opening pressure measured by tubotympano-aerodynamography. If ET failed to open, maximum nasopharyngeal 
pressure recorded was used to represent opening pressure for convenience of comparison. 


HBO treatment (Fig 7). In the first group ("good") 
there were 49 ears demonstrating normal ET func- 
tion, 7 of which (14%) developed barotrauma. The 
second group ("bad") consisted of 40 ears exhibiting 
a negative examination by sonotubometry or imped- 
ance TTAG. Barotrauma was noted in 18 ears (45%) 
in this group. Nine of 11 ears (82%) in the third group 
(negative on both tests) developed barotrauma. 


DISCUSSION 


The equality of air pressure across the tympanic 
membrane is maintained by the ET, which opens and 
permits the passage of gas.!* The tube acts like a 
flutter valve between the pharynx and the middle ear 
(Fig 8), allowing the exit of air from the middle ear 
more readily than it allows admission from the na- 
sopharynx.?/ In decompression, the increased pres- 
sure of the gas contained in the middle ear will 
passively open the ET. The combination of passive 
tubal opening and the normal action of swallowing 
(active opening) allows decompression with little or 


no difficulty. In compression, a completely different 
mechanism is involved. The majority of cases of 
aerotitis media occur at this time. The relative nega- 
tive pressure in the middle ear tightens the closure of 
the ET. Thus, the ET must be opened by swallowing 
or therapeutic inflation (Valsalva's maneuver).1227 
Itis generally agreed that aural barotrauma occurs as 
a direct result of failure to equalize differences in 
pressure between the middle ear and the atmos- 
phere.!28 This is dependent on ET function, and 
occurs upon failure of the ET to open voluntarily, or 
because of the inability of the ET to open when it is 
exposed to changes in barometric pressure. 


Various methods have been employed for the 
examination of ET function.2928 We tested ET func- 
tion using sonotubometry to assess active opening 
capacity and impedance TTAG to assess passive 
opening capacity. These methods are reliable and 
relatively easy to perform with the JK -04 ET function 
analyzer. The equipment is now commercially avail- 
able and is becoming a routine clinical tool in Japan. 
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Fig 7. Incidence of middle ear barotrauma according to 
results of ET function tests performed prior to exposure to 
hyperbaric pressure. 


In this study, ET dysfunction, characterized by 
altered active and passive opening capacity, was 
. observed following hypobaric exposure. In the group 
that developed barotrauma, the duration of opening 
was shorter both prior to and following hypobaric 
exposure, and the postexposure incidence of active 
opening was lower than in the group that did not 
develop barotrauma. 


Following repetitive hyperbaric exposure during _ 


HBO therapy, passive and active ET dysfunction was 
noted. The marginal improvement in function at the 
end of the course of treatment was likely due to the 


more effective utilization of equalization techniques - 


as the patients became more experienced. Middle ear 
barotrauma was noted in most of the patients after the 
seventh day of HBO therapy, which corresponded to 
the highest incidence of ET dysfunction. The group 
that developed barotrauma exhibited worse ET func- 
tion throughout the course of HBO therapy than the 
non-barotrauma group. In the patients with abnormal 
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A B C 
Fig 8. Diagram showing pressures in tympanic cavity (a) 
and action of ET (d) during flight. b — bony capsule of 
tympanic cavity, c — tympanic membrane, p — com- 
pressed air in nasopharynx. A) Normal condition. B) 
Decompression. C) Recompression. 


active and passive opening prior to HBO therapy, the 
incidence of barotrauma was greatest. Myringotomy 
or placement of ventilation tubes might prevent baro- 
trauma in these high-risk patients. None of the pa- 
tients required discontinuation of HBO therapy be- 
cause of middle ear barotrauma. Although most cases 
of barotrauma are transient, it is important to predict 
its occurrence to decrease the incidence of this com- 
plication. 


In conclusion, ET function worsens following 
exposure to extremes in atmospheric pressure. Dys- 
function of the ET predisposes to middle ear baro- 


trauma. Sonotubometry and impedance TTAG are 


valid indicators of ET function that can be used to 
identify groups at risk for developing middle ear 
barotrauma following exposure to hypobaric or re- 
petitive hyperbaric atmospheric pressure. 
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PATTERNS OF PERSISTENT OTITIS MEDIA IN THE FIRST YEAR OF 
LIFE IN ABORIGINAL AND NON-ABORIGINAL INFANTS 


JUDITH B. BOSWELL, PHD 
ADELAIDE, AUSTRALIA 


TERRY G. NIENHUYS, PHD 
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Australian Aboriginal infants experience very early otitis media (OM). A previous study reported that OM with effusion (OME) or 
acute OM (AOM) was observed in the first 8 weeks of life in 95% of 22 Aboriginal infants, but that OME was seen in only 30% of 10 
non-Aboriginal infants. Tympanic membrane perforation was reported for 1 Aboriginal subject at 8 weeks of age. This requires further 
investigation, because early OM onset has been demonstrated in non-Aboriginal groups to increase the risk of chronic and persistent ear 
disease in later childhood. This prospective study used otoscopy and tympanometry to describe the course of OM in infants examined 
repeatedly from soon after birth. Disease course was described in two ways, based upon earlier findings from other studies of Aboriginal 
schoolchildren. First, patterns of disease in the first year were identified; non-Aboriginal infants had occasional episodes of OME or 
AOM from which they recovered spontaneously, usually within 1 month; Aboriginal infants had persistent AOM, OME, or tympanic 
membrane perforation with discharge that rarely, if ever, resolved to normal. Second, conditional probabilities were calculated for ear 
state transitions at consecutive ear examinations, and a model of the course of OM was proposed for the Aboriginal infants. Results also 
suggested that binaural patterns of chronic OM described previously in Aboriginal schoolchildren may already be established in the first 
year of life. These findings will help service providers determine when to intervene to avoid the chronic consequences of early OM. 


KEY WORDS —— diagnosis, indigenous populations, infants, otitis media. 


INTRODUCTION 


Current knowledge about the natural history of 
middle ear disease in Australian Aborigines derives 
mainly from studies of school-age children, reflect- 
ing appropriate concern that 50% to 80% of Aborigi- 
nal schoolchildren are estimated to be affected by 
chronic otitis media (OM) and concomitant conduc- 
tive hearing loss. Much less is known about the 
early onset and natural history of Aboriginal children’s 
middle ear disease in infancy and the preschool years. 
This knowledge is necessary for planning and moni- 
toring of community health promotion and middle 
ear disease prevention programs and for effective 
early detection and medical management, especially 
since it is well known in non-Aboriginal populations 
that children with early OM are at high risk for 
repeated disease throughout childhood.34 


In school-age Aboriginal children, the course of 
OM has been described from cross-sectional surveys, 
but the early, acute phases of the disease have not 
been well described. For instance, Dugdale et al5 
reported different prevalencerates for different middle 
ear conditions in childhood and adolescence. The 
proportions of normal ears and of ears with scarred 
tympanic membranes (TMs) increased throughout 
middle childhood, while the proportions of TMs with 
perforations or that were chronically inflamed de- 
creased. These authors attributed the different preva- 


lence rates in their cross-sectional survey to gradual 
and spontaneous improvement in ear health through- 
out childhood and adolescence. 


From results of a longitudinal study of Aboriginal 
children ages 6 through 15 years, McCafferty et al 
proposed five patterns of ear health variation in 
school-age children who had been examined at least 
five times in 9 years. The patterns described children 
with consistently perforated TMs (pattern I), with 
perforations almost always but with occasional intact 
TMs (pattern H), with initial perforations but later 
intact TMs (pattern III), with intact but abnormal 
drums and likely effusion (pattern IV), and those with 
usually intact TMs and no significant otoscopic ab- 
normality (pattern V). This study also demonstrated 
a gradual improvement in middle ear health with age, 
but it indicated that many subjects continued to 
experience chronic OM into adolescence according 
to their established pattern. 


Neither of the above studies examined a sufficient 
number of infants to describe patterns in their middle 
ear condition, and so the disease course they de- 
scribed reflected predominantly chronic conditions 
well after onset. Other studies have proposed models 
of middle ear disease onset and progression in the 
acute phase from cross-sectional data. For instance, 
Foreman’ examined 436 ears in Australian Aborigi- 
nal infants and young children in three remote north- 
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ern communities. The prevalence of TM perforation 
was 11% at age 0 to 6 months, 43% at 7 to 12 months, 
and 30% at 13 to 24 months, and there were signs of 
middle ear disease in the intact TMs of infants less 
than 6 months: 20% of TMs were inflamed and 35% 
were dull. Foreman hypothesized a natural history of 
early OM based on across-tabulation of right and left 
ear states; perforation of a TM was significantly 
associated with reddening of an immobile TM in the 
contralateral ear, suggesting that perforation was 
usually preceded by (subacute) inflammation. A lon- 
gitudinal study of infants in another northern Austra- 
lian Aboriginal community observed only TM perfo- 
ration events and found that many infants had their 
first perforation before age 12 months, and that the 
time of the first perforation was age-specific, with 
peak incidences at around 18 and 50 weeks.® 


The present study, therefore, sought to examine 
Aboriginal and non-Aboriginal infants prospectively 
from soon after birth and to describe middle ear state 
transitions during the first year. Normal middle ear 
status was observed in most subjects in the neonatal 
period, and OM commenced in some infants in the 
first 8 weeks as previously reported.? The present 
study aimed to test the hypotheses that 1) the course 
of early OM is different in Aboriginal infants and 
non-Aboriginal infants, 2) different patterns of ear 
disease may be defined that describe the course of 
disease in Aboriginal infants, and 3) the patterns of 
disease in Aboriginal infants are similar to patterns of 
chronic disease reported previously in older Aborigi- 
nal children. 


Parallel microbiologic investigation of bacterial 
nasopharyngeal colonization in these infants was 
carried out and reported elsewhere. !° 


SUBJECTS 


Two groups of subjects were enrolled in a longitu- 
dinal audiologic study of OM in infants, conducted 
between January 1992 and July 1993. Forty-one Abo- 
riginal infants, born between January 1992 and June 
1993 to Aboriginal mothers usually resident in a 
northern Australian tropical island community 70 km 
north of Darwin, were recruited. A further 17 non- 
Aboriginal infants (10 male, 7 female), born between 
June 1992 and May 1993 to non-Aboriginal mothers 
residing in Darwin, were recruited for comparison 
with the Aboriginal group. This paper describes data 
for two overlapping subsets of subjects: first, those 
examined at least three times in the first 6 months, 
including one examination after the neonatal period 
(26 Aboriginal and 10 non-Aboriginal infants), and 
second, those with two or more examinations 15 to 30 
days apart (32 Aboriginal and 11 non-Aboriginal 
infants). 


PROCEDURES 


Otoscopy and tympanometry were performed by 
the first author, a clinically certified audiologist who 
was trained and validated in pneumatic otoscopy by 
an experienced pediatric otologist and who gained 
additional experience in examining neonates and 
infants during the 12 months preceding the study. 
Diagnostic agreement between the author and the 
otologist in a sample of study subjects was 81% with 
otoscopy alone, and 96% with otoscopy and tympa- 
nometry. All subjects were examined soon after birth 
in the Royal Darwin Hospital and then at approxi- 
mately 4-week intervals throughout the study period, 
either at their home community health clinic, in the 
case of Aboriginal subjects, or at the hospital, in the 
case of non-Aboriginal subjects. 


The external ear canal and the TM were examined 
with a Welch Allyn 3.5-V pneumatic otoscope with 
2- to 3-mm, dark green specula. Ear canal contents, 
TM appearance (color, translucency, and position), 
and TM mobility in response to applied air pressure 
change were recorded. Tympanometry was performed 
on cooperative infants with intact TMs by means of 
a GSI-27A automatic admittance meter with a 226- 
Hz probe tone. 


Caregivers were asked about the presence of signs 
and symptoms ofill health during the week preceding 
the examination: nasal discharge; tugging or rubbing 
at the ears; atypical behavior at home, such as irrita- 
bility, lethargy, or poor sleeping; diarrhea or loss of 
appetite; and fever or other acute respiratory symp- 
toms. Cautiously, acute OM (AOM) was diagnosed 
when at least two of these symptoms were present in 
association with a red, bulging TM. 


The condition most likely to be confused with 
AOM was OM with effusion (OME), another path- 
ologic state. None of the ears diagnosed with AOM 
had TM perforations or normal TM appearance or 
mobility. 


Otoscopy and tympanometry data and clinical 
observations were combined and the middle ear sta- 
tus was coded: normal = normal middle ear; OME = 
otitis media with effusion; AOM = acute otitis media; 
perforation = TM perforation with discharge; and 
unknown = uncertain ear status. 


The binaural health of each subject was described 
from their individual middle ear status data and based 
on the status of the poorer ear. Five binaural health 
categories were developed by using modifications of 
the categories proposed by McCafferty et al as shown 
in Table 1,6 which compares the categories used by 
McCafferty et al and in the present study. If the mid- 
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TABLE 1. BINAURAL CATEGORIES 


McCafferty et aló Aural Health Categories 
Category 1 


—200 daPa : 
Category 2 One or both ears with intact TMs with otoscopic 

abnormality and/or middle ear pressure more 

negative than -200 daPa; no perforations 
Category 3 One or both ears with wet or dry perforations 
Category 4 One or both ears with cholesteatoma 


Both ears with intact TMs, no otoscopic abnor- 
mality, middle ear pressures more positive than 


Present Study Binaural Categories 


= Category A Both ears with normal mobility on otoscopy 
and/or tympanometry 

# Category B Either or both ears with OME, neither with 
AOM or perforation 

= Category D Either or both ears with TM perforation 

» Category C Either or both ears with AOM, neither with 
perforation 

Category E Both ears with unknown status 


TM — tympanic membrane, daPa — decapascals, OME — otitis media with effusion, AOM — acute otitis media. 


dle ear status was unknown in one ear, it was assumed 
to be the same as in the other ear. Because the subjects 
examined by McCafferty et al were mostly between 
6 and 15 years old and experiencing chronic OM, the 
present study defined two different categories of bi- 
naural health as shown in Table 1: that is, category B 
when either or both ears showed OME, neither with 
AOM or perforation; and category C when either or 
both ears showed AOM, neither with perforation. 


The course of disease in individual subjects was 
then depicted graphically, by using the approach of 
McCafferty et al. For this, intercategory variations 
in binaural health in the first year were plotted for 
each subject who was examined three or more times 
in the first 6 months (26 Aboriginal subjects and 10 
non-Aboriginal subjects). Again, because the sub- 
jects of McCafferty et al were older, their patterns did 
not record AOM (patterns III and IV in this study). 
This infant study did not record any subjects with 
early OM who recovered normal ear health within the 
observation period as seen in pattern III by McCafferty 
et al. Thus, five patterns described the course of OM 
in these samples; these are defined in Table 2,5 and an 
example of each pattern is shown in Fig 1. 


Finally, a model of the natural history of OM was 
developed that described the individual variations in 
disease course during the first year of life, based on 
the model proposed by McCafferty et al®!! for school- 
age Aboriginal children, as shown in Fig 2A.11 This 


was done by cross-tabulating individuals' middle ear 
status at one examination with their ear status at the 
following examination 15 to 30 days later and by 
calculating conditional probabilities for each transi- 
tion in status. These conditional probabilities and the 
ear states they revealed were then inserted to adjust 
the model to reflect current findings. 


RESULTS 


Ear States and Binaural Health Categories. Fig- 
ure 3 shows the distribution of middle ear status 
diagnoses, while Fig 4 shows the age-specific preva- 
lence of OM by age in months for all subjects exam- 
ined in their first year of life. In each age group for 
which comparison was possible, there were more 
Aboriginal ears with a diagnosis of OM. 


Patterns of Ear Health Variation. Data from 36 
subjects who were examined at least three times 
during the first 6 months were evaluated for binaural 
health variations during their first year. Each subject 
was allocated to one of five patterns of longitudinal 
variation in binaural health after McCafferty et al® as 
defined in Table 2. Table 3 shows the distributions of 
binaural health patterns for the Aboriginal and non- 
Aboriginal groups. A comparison of the two groups 
showed a distinct trend toward more chronic disease 
in the Aboriginal cohort. Pattern V, which repre- 
sented normal ear health throughout all or most of the 


TABLE 2. PATTERNS OF LONGITUDINAL CHANGE IN BINAURAL CATEGORIES 


McCafferty et al® 

Pattern I Perforated TMs always or usually 

Pattern II Perforations for most evaluations, occasional in- 
tact TMs 

Pattern III — Perforations in first 2 years of testing, TMs intact 
thereafter 

Pattern IV Persistent closed ear disease, occasional perfora- 
tion or occasional normal ears 

Pattern V Always or almost always normal ears, occasional 


closed ear disease 
Abbreviations as in Table 1. 


Present Study 

— Pattern I Persistent or frequent TM perforations 

— Pattern II Persistent or frequent OME or AOM and oc- 
casional perforations 

+ Pattern III Persistent OME with or without episodes of 
AOM 

s Pattern IV Persistent OME and/or AOM with occasional 
normal ears 

= Pattern V Always or almost always normal ears, occa- 
sional OME 
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Fig 1. Sample patterns of binaural category variations in , 
first year of life. See Tables 1 and 2 for key. S — subject 
number. 


study period, did not describe any of the 26 Aborigi- 
nal infants, the majority of whom fitted patterns I, II, 
and III. Conversely, none of the 10 non-Aboriginal 
subjects evaluated by this method had persistent ear 
disease (patterns I and IT). Of 26 Aboriginal subjects 
for whom longitudinal data were available, 9 (35%) 
had persistent perforations (pattern I), 5 (19%) had 
intermittent perforations that had closed by the fol- 
lowing examination (pattern II), and none showed 
evidence of early perforations healing over time. 


Natural History of Otitis Media. Conditional prob- 
abilities were calculated for ear state transitions in 
individual subjects, for both the Aboriginal and non- 
Aboriginal groups as shown in Tables 4 and 5, re- 
spectively. A comparison of data along and off the 
diagonal in the non-Aboriginal group revealed no 
significant variations in ear status at consecutive 
examinations (x21 = 0.09, p = .767), whereas ear 
status often changed between one examination and 
the next in the Aboriginal group (x21 = 5.34, p < .05), 
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Fig 2. Flow diagrams depicting probable course of ear 
disease in Aboriginal children. A) Modified from Mc- 
Cafferty et al.!! B) Further modifications proposed from 
present study. 


consistent with a chronic, fluctuating condition. In 
this group, the most likely outcome of any normal or 
abnormal middle ear state was OME. Furthermore, 
TM perforations were preceded by closed ear disease 
states (AOM more often than OME), and once the 
cycle of disease had been established, transitions 
occurred mostly between the different pathologic 
states, and middle ears rarely returned to normal. In 
the non-Aboriginal group, normal function was more 
likely, although some had occasional episodes of 
OME or AOM. Non-Aboriginal subjects with healthy 
middle ears were nearly three times as likely to 
remain so and, if they showed OME, were more than 
22 times more likely than Aboriginal subjects to 
return to normal middle ear health. Moreover, the 
Aboriginal subjects were nearly 3 times more likely 
to develop OME and nearly 4 times more likely to 
develop AOM following an examination showing 
normal middle ear condition. 


This information was used to make additions and 
modifications to the model of natural history pro- 
posed by McCafferty et al,° including the division of 
the state "seromucinous OM" into the two states 
OME and AOM, and the addition of conditional 
probabilities for each transition recorded in Tables 4 
and 5. Figure 2B shows the modified model based on 
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Fig 3. Frequency distribution of 
middle ear status by month in first 
year. n — number of ears exam- 
ined. A) Aboriginal subjects. B) 
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middle ear data from 32 of the Aboriginal infants. 


DISCUSSION 


This study demonstrated important differences 
between the Aboriginal and the non-Aboriginal in- 
fants in their early OM that parallel microbiological 
findings concerning their nasopharyngeal coloniza- 
tion with respiratory bacteria reported elsewhere. !° 
Not only did OME and AOM appear earlier in the 
Aboriginal infants, but they also showed a distinct 
trend to more chronic conditions and more severe 
middle ear disease states. The non-Aboriginal infants 
frequently showed normal patterns of ear health or 
patterns with AOM and/or OME andsubsequent reso- 
lution but no TM perforations, whereas Aboriginal 
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infants rarely showed normal patterns following hos- 
pitaldischargeand frequently showedperforated TMs 
in addition to OME and/or AOM. For the non-Abo- 
riginal children, these data are consistent with age- 
specific prevalence data for children elsewhere, !?.13 
while the data for Aboriginal infants suggest that 
patterns reported by other investigators in school-age 
Aboriginal children may well be already established 
during early infancy. 


There are important similarities and differences 
between these findings in Aboriginal infants and 
those in older, school-age Aboriginal children re- 
ported by McCafferty et al. The groups were similar 
in that persistent middle ear disease was common in 
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TABLE 3. DEFINITIONS AND DISTRIBUTIONS OF 
EAR HEALTH PATTERNS IN ALL SUBJECTS 


Normal AOMor  Perfin  Abor  NonAb 
Pattern Ears OME TM ss % Ss % 


I Never Rarely Mostly 9 35 0 0 
II Never Rarely Mostly 5 19 0 0 
III Never Always „Never 11 42 0 0 
IV Rarely Mostly Never 1 4 1 10 
V Mostly Rarely Never 0 09 90 
All 


26 100 10 100 
AOM — acute otitis media, OME — otitis media with effusion, Perf 


— perforation, TM — tympanic membrane, Abor — Aboriginal, - 


NonAb — non-Aboriginal. 


both and perforations with discharge occurred fre- 
quently (patterns I and II); in the infant group, 54% 
had persistent (3596) or intermittent (1996) TM per- 
forations with discharge, and persistent OME was 
common in both this infant group and the older group 
studied by McCafferty et al. A significant difference 
was observed, in that the spontaneous improvement 
that occurred in some of the older group studied by 
McCafferty et al was not observed in the present, in- 
fant group. In the former group, 5.696 of children's 
middle ears followed pattern III, with early, persis- 
tent chronic suppurative OM leading to subsequent 
healing of the TM and aeration of the middle ear over 
the 9-year period, while no middle ears in the current 
infant sample returned to normal following early TM 
perforation, probably because of their youth and the 
short duration of the study compared to that by 
McCafferty et al. 


There was a further important difference between 
the two studies in the proportions of subjects’ middle 
ears that were classified as pattern V (consistently 
normal ears). Normal middle ears were observed re- 
peatedly in 37% of the Queensland and in 90% of 
non-Aboriginal infants in this study, but none at all in 
the present Aboriginal infant group. As with the 


previous difference, this is probably explained by the 
age difference between the two cohorts, because 
reducing OM prevalence with age through middle to 
late childhood has been frequently reported in other 
populations.1^15 Studies of Aboriginal people have 
also reported reducing prevalence of OM with child 
age and apparent closure of TM perforations with a 
reduction in OM prevalence during early adoles- 
cence,»916 although rates of active OM in some adult 
Aboriginal groups are still well above those in com- 
parable non-Aboriginal Australian groups.!? 


A final important difference between the present 
Aboriginal infant group and the school-age group 
reported by McCafferty et al® is the presence of AOM 
in the adjusted model depicting the probable course 
of OM in Aboriginalchildren shownin Fig 2B. While 
symptoms of AOM were frequently observed by 
infants’ caregivers and the investigators in the present 
study, in the age group examined by McCafferty et al, 
AOM was not reported. This was possibly because 
the infant study sought specifically to observe middle 
ear condition during the first and early episodes of 
OM, whereas in older children, McCafferty et al 
observed ongoing conditions long after first onset, 
when AOM occurs; certainly, AOM has not been 
reported previously in literature concerning Aborigi- 
nal children beyond preschool age. Nevertheless, 
other significant, and possibly explanatory, differ- 
ences between the groups cannot be discounted, 
including their testing by different examiners some 
10 to 20 years apart, their different Aboriginal group 
origins, and their considerable geographic separa- 
tion. (McCafferty’s subjects resided in Cherbourg, in 
southern Queensland.) 


Despite this, there were striking similarities in the 
binaural patterns of OM between these infants and 
the schoolchildren reported by McCafferty et al,° 
suggesting that the distinct patterns reported for Ab- 


TABLE 4. TABLE OF CONDITIONAL PROBABILITIES OF TRANSITIONS, AND THEIR CONFIDENCE INTERVALS, 
BETWEEN EAR STATES FOR INDIVIDUAL ABORIGINAL EARS EXAMINED AT INTERVALS OF 15 TO 30 DAYS 








Earlier OME 
Normal 0.45 
0.296 - 0.613 
OME : 
0.011 - 0.134 
AOM 0.034 "0.586 
0.002 - 0.195 0.391 - 0.759 
Perf 0.00 0.385 
0.152 - 0.678 
Total 0.107 0.604 
(16) (90) 









15 to 30 Days Later 

AOM Perf Total 
0.225 0.025 0.268 
0.114 - 0.388 0.001 - 0.147 ( 40) 
0.179 0.029 0.449 
0.099 - 0.295 0.004 - 0.112 ( 67) 
— 0.276 0.195 
MOM GL ME Se 0.134 - 0.475 ( 29) 
0. 15 4 NOS VA Roe m 0.087 
0.102 - 0.224 0.208 0738. ( 13) 

0.174 0.114 1.00 
(26) (17) (149) 


Numbers in parentheses are numbers of examinations. Abbreviations as on Table 3. 
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TABLE 5. TABLE OF CONDITIONAL PROBABILITIES OF TRANSITIONS, AND THEIR CONFIDENCE INTERVALS, 
BETWEEN EAR STATES FOR INDIVIDUAL NON-ABORIGINAL EARS EXAMINED AT INTERVALS OF 15 TO 30 DAYS 













15 to 30 Days Later 

Earlier Normal OME AOM Total 

Normal O15 0.169 0.046 0.833 
0.091 - 0.287 0.012 - 0.137 (65) 

OME : 000  — cc 0.00 0.115 
0.629 - 0.989 ; ( 9) 

AOM 0.25 0.00 0.051 
0.013 - 0.78 ( 4) 
Total 0.782 0.141 1.00 
(61) (11) (78) 





Numbers in parentheses are numbers of examinations. Abbreviations as on Table 3. 


original schoolchildren's binaural health may al- 
ready be established in the first months of infancy in 
some Aboriginal children. Further study needs to 
examine this possibility; our observations ceased at 
child age 12 months, while McCafferty et al reported 
9 years of observation starting with children 6 years 
old, and more observation, especially between 12 
months and 5 years, is required to confirm this 
possibility. Alternatively, a cross-sectional study of 
Aboriginal children between 1 year of age and school 
age would clarify the possible persistence of the 
binaural patterns. 


If the early separation of children into distinct 
binaural health patterns can be confirmed, and under- 





lying reasons elucidated, this information would be 
valuable for the early detection and management of 
Aboriginal infants with OM and conductive hearing 
loss to minimize developmental consequences. By 
implication, failure to provide effective treatment in 
the first year may condemn affected children to one 
of the long-term patterns described by McCafferty et 
alô and confirmed here. It is known, for instance, that 
children with perforations are likely to suffer more 
severe hearing loss,!6 and so the children of highest 
priority are those whose binaural patterns suggest 
long-term TM perforation and who may benefit most 
from early detection and treatment. Even so, all early 
OM should be treated to avoid potential long-term 
otologic, developmental, and educational problems. 
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DIAGNOSING NASAL HYPERREACTIVITY WITH POSITIONAL 


RHINOMANOMETRY 
GUIDO ALTISSIMI, MD LUIGI GALLUCCI, MD 
MARCO ROSSETTI, MD COSTANTINO SIMONCELLI, MD 


PERUGIA, ITALY 


Positional rhinomanometry is a physiologic method for estimating nasal resistance, which is variable, difficult to predict, and linked 
to vasomotor activity of the functional system culminating in the turbinate valves. Thirty subjects suffering from allergic rhinitis, 25 
patients affected by aspecific rhinitis, and 40 healthy controls underwent positional rhinomanometry. Test positions included the seated 
(baseline), supine, and recumbent (homolateral and contralateral to the nasal fossa under examination). In patients with perennial allergic 
rhinitis and in those with aspecific rhinitis, positional rhinomanometry elicited two pathologic responses: either an average percentage 
rise of more than 8046 in nasal resistance in the supine and homolateral and contralateral recumbent positions compared with basal values, 
or a paradoxical fall in the supine and homolateral recumbent positions. 


KEY WORDS — nasal hyperreactivity, positional rhinomanometry. 


INTRODUCTION 


Homeostatic regulation of the microcirculation in 
nasal mucosa is extremely complex. Adrenergic va- 
soconstriction! and cholinergic vasodilation? inter- 
act, and the activity of neuromediators such as vaso- 
active intestinal polypeptide, substance P, neuropep- 
tide Y, and neurochinine A must also be taken into 
consideration. All contribute to the complex func- 
tioning of the vasomotor system that culminates in 
the turbinate valves. Wang and Jackson‘ hypothe- 
sized presynaptic parasympathetic control of sympa- 
thetic nerve fibers. Neurovegetative dystonia associ- 
ated with laxity of the turbinal cavernous tissue plays, 
in vasomotor rhinitis, an important role in the genesis 
of symptoms such as nasal obstruction that is particu- 
larly marked when reclining. Indeed, the effect of 
changes in position on turbinal tissue is a physiologic 
method for measuring nasal resistance, which tends 
to vary and is difficult to predict. The standing 
position has long been known (since Kaiser's? obser- 
vations in 1895) as a physiologic condition that 
modifies nasal patency. Increased resistance in the 
supine position appears to be linked to arise in blood 
pressure in the internal jugular vein and the conse- 
quent congestion of turbinal cavernous tissue.*8 How- 
ever, turbinal congestion when reclining does not 
depend only on hydrostatics. The neurovegetative 
system specifically influences filling capacitance 
vessels, and this effect is particularly marked in the 
lateral recumbent position. Homolateral nasal fossae 
congestion on reclining and contralateral deconges- 
tion are caused by the reflex disactivation of sym- 
pathetic tone due to the pressure exerted on inter- 


costal receptors on one side of the body.?-1? Com- 
pressing the underarm cavity produces the same 
effect, 


Rhinomanometry in different positions (positional 
rhinomanometry) has often been used in recent years 
to evaluate nasal resistance. 14-18 


This study attempts to provide a quantitative as- 
sessment of changes in nasal resistance induced by 
therecumbent positions in both specific and aspecific 
nasal hyperreactivity. 


MATERIALS AND METHODS 


Anterior active positional rhinomanometry was 
performed with a digital rhinomanometer (Amplifon 
Markos NR4) in 55 patients affected by nasal hyper- 
reactivity and in 40 healthy controls. 


In conformity with European standards, ? airflow 
expressed in cubic centimeters per second was mea- 
sured at a preselected pressure value of 150 Pa. 
Resistance levels (the mean of four consecutive res- 
pirations) were calculated from Poiseuille's law (R= 
Ap/V). Alltests were carried out at standard tempera- 
ture (22°C to 26°C) and humidity (50% to 60%) 
levels. No test lasted more than 30 to 35 minutes, in 
order to avoid nasal cycle interference. After a 30- 
minute acclimatization period with the seated patient 
breathing spontaneously through a face mask, re- 
cordings for each nasal fossa were taken as follows. 


1. Basal values with the patient seated. 
2. Supine values (head versus trunk at a 20° angle); 


From the Department of Otolaryngology, University of Perugia, Faculty of Medicine, Perugia, Italy. 
CORRESPONDENCE — Guido Altissimi, MD, Clinica Otorinolaringoiatrica, Via E. Dal Pozzo, 06100 Perugia, Italy. 
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TABLE 1. PERCENTAGE VARIATIONS IN NASAL 











RESISTANCE 
Group A Group B 
(Specific (Aspecific 
Normal Nasal Hyper- Nasal Hyper- 
Subjects reactivity; reactivity; 
(n = 40) n = 30) = 25) 
Supine 42990 +39% 41696 x 10096 +65% + 137% 


Homolateral +59% x 8796 +118% x 185% +133% x 249% 
Contralateral +17% x 5890 48290 x 302906 +51% x 21296 


Data are mean + SD. 





this position significantly increases pressure in 
the internal jugular vein.® 


3. Recumbent values homolateral to the nasal fossa 
being examined. 
4. Recumbent values contralateral to the nasal fossa 


being examined. 


Each recording was made immediately after the 
patient had rested for 3 minutes in the new position. 
Percentage variations in nasal resistance compared 
with basal values (seated) were calculated in order to 
avoid the scatter found in absolute values that is due 
to great interindividual and intraindividual differ- 
ences. 


The 55 patients were divided into two groups on 
the basis of the specificity or aspecificity of nasal 
hyperreactivity. 


Group A included 30 patients (11 women, 19 men, 
average age 30.8 years) affected by specific nasal 
hyperreactivity, which was diagnosed on the basis of 
1) case histories, 2) clinical signs (sneezing, rhinor- 
thea, seasonal or perennial nasal obstruction), 3) 
objective rhinologic examination (patients with con- 
comitant organic abnormalities in the vestibulum and 
nasal septum were excluded from the study), 4) nasal 
provocation test, and 5) skin and/or radioimmunologic 
tests. 


These patients were divided into two subgroups on 
the basis of whether hyperreactivity was seasonal or 
perennial. 


Eighteen (60%) of the 30 patients were considered 
to be affected by seasonal allergic rhinitis; the other 
12 (40%) by the perennial form. Allergometric tests 
showed those with seasonal rhinitis reacted preva- 
lently to Graminaceae, and the others to different 
allergens, but mainly to Dermatophagoides. Posi- 
tional rhinomanometry tests were performed in the 
noncritical period when patients were not under 
therapy. 


Group B included 25 patients (15 women, 10 men, 
average age 27.4 years) affected by aspecific nasal 


TABLE 2. CASES OF INCREASED AND DECREASED 


NASAL RESISTANCE 
Increased Decreased 
Resistance Resistance 


No. % No. % 





Group A (seasonal allergic 
rhinitis; 18 patients, 


36 nasal fossae) 

Supine 18 50 18 50 

Homolateral 26 tase 10 27.8 

Contralateral 22 61.1 14 38.9 
Group A (perennial allergic 

rhinitis; 12 patients, 

24 nasal fossae) 

Supine 14 583 l0 417 

Homolateral 14 58.3 IO. - 417 

Contralateral 15 62.5 9 37.5 


Group B (aspecific 
vasomotor rhinitis; 
25 patients, 50 nasal 


fossae) 

Supine 20 S 21 43 
Homolateral 31 62 19 38 
Contralateral 24 47 26 53 


hyperreactivity. Inclusion criteria were the nonsea- 
sonal clinical picture, persistent symptoms of nasal 
obstruction (which was markedly more severe in the 
recumbent position), and negative provocation nasal, 
skin, and/or radioimmunologic allergy tests. 


Positional rhinomanometry testing was carried out 
in the less severe periods when patients had sus- 
pended therapy. Student's t-test for unpaired data 
was used for the statistical analysis of results; p 
values less than .05 were considered significant and 
are reported here. 


RESULTS 


Table 1 reports the general trend of the results of 
positional rhinomanometry in the 30 patients (60 
nasal fossae) in group A, in the 25 (50 nasal fossae) 
in group B, and in the 40 healthy controls. Results are 
expressed as percentage variations in resistance com- 
pared to baseline (seated) values. Table 2 separates 
increases and decreases in nasal resistance in the two 
subgroups in group A (specific seasonal and peren- 
nial rhinitis) and in group B (aspecific rhinitis). Only 
percentage increases in resistance were compared 
with those of the control group in Table 3. Compared 
with controls, significant differences in nasal resis- 
tance were observed in patients with perennial rhinitis 
and in those with aspecific rhinitis (Table 3). 


DISCUSSION 


The general trend in rhinomanometric responses 
should be read in the light of both increases and 
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TABLE 3. PERCENTAGE INCREASES IN NASAL RESISTANCE 


Group A Group A Group B 
Normal Subjects (Seasonal Allergic (Perennial Allergic (Aspecific Vasomotor 
(n = 40) Rhinitis; n = 18) Rhinitis; n = 12) Rhinitis; n = 25) 
Supine +35% + 28% (92%) +64% x 57% (50%) +72% + 48%* (58.390) +138% + 209%* (57%) 
Homolateral +61% + 49% (89%) +115% + 73% (72.2%) | 416790 + 64%* (58.3%) +213% + 297%* (62%) 
Contralateral] +23% + 18% (75%) +111% + 108% (61.1%) +120% + 30%* (62.5%) +157% x 359%* (47%) 


Data are mean + SD. Percentages in parentheses refer to nasal fossae. 


*p < .005 versus normal controls in corresponding positions. 


decreases in nasal resistance in all positions in each of 
the two groups. Alterations that exist in healthy 
subjects!® are more marked in patients with nasal 
hyperreactivity (whether specific or aspecific), as the 
high scatter in the values of the standard deviation 
indicates, suggesting that turbinal cavernous tissue 
"disreactivity" is caused by changes in position. 


Interindividual nasal resistance is known to vary 
greatly in the recumbent position. Within-subject 
variability 1s a potential source of error in any study 
on nasal resistance.”9.?! Our study was designed to 
reduce this variation as much as possible. The nasal 
pressure tube was not removed at each change of 
position, thus reducing the margin of error caused by 
face mask placement and replacement, especially in 
lateral recumbency. All measurements were carried 
out in as little time as possible in order to avoid 
dynamic changes in nasal resistance caused by spend- 
ing a larger period of time in the decubitus position.2° 
This is also the reason for the main limitation of this 
study design, in that responses cannot be considered 
partial, maximal, or complete, but only as indicative 
of “disreactivity.” 


In healthy subjects nasal resistance tends to in- 
crease in the supine and lateral recumbent positions!® 
(Table 1), while in many of the patients, indepen- 
dently of whether hyperreactivity was specific or not, 
values of nasal resistance dropped in these positions 
(Table 2). Reduced resistance is physiologic in nor- 
mal subjects only in the contralateral recumbent 
position, because of decongestion of the upper nasal 
fossae.!2 


However, rhinomanometry indicated a slight in- 
crease in resistance in the contralateral recumbent 
position!® in 75% of the nasal fossae in normal 
subjects, and a drop in resistance in the other 25% 
(Table 3). In other words, the slight increase is 
probably due to the physiologic decongestion of the 
upper nasal fossae?-1? associated with the collapse of 
the valve walls.22 


The decrease in resistance in the supine and homo- 
lateral recumbent positions that we observed in both 
groups of patients is a strangely paradoxical response 
(Table 2). It is probably due to the activation of the 


sympathetic nerve tone, rather than the disactivation 
that is to be expected in the homolateral recumbent 
position. The reason for this abnormal response is 
difficult to understand, and further studies aimed 
specifically in this direction are undoubtedly neces- 
sary. Whatever the cause, this paradoxical response 
is often considered evidence of vasomotor rhinitis, 
whether specific or aspecific. !4 


Differential analysis of increases in resistance in 
group A (with the subgroups of seasonal and peren- 
nial rhinitis) and group B shows different patterns of 
changes in nasal resistance. 


Compared with healthy subjects, nasal resistance 
increased more in group A and was associated with a 
smaller standard deviation in patients with perennial 
rhinitis, while in those with seasonal rhinitis, average 
increases were smaller and associated with a greater 
scatter in the standard deviation. Therefore, rhino- 
manometric data on perennial allergic rhinitis indi- 
cate more compact and less dispersive values of nasal 
resistance compared with seasonal allergic rhinitis. 
Differences in the increased resistance in the two 
subgroups and the healthy controls were significant 
in all positions only in the group with perennial 
rhinitis (Table 3). As we know, this enhancement of 
the functional turbinate valve response is associated 
with abnormal cavernous tissue laxity in the recum- 
bent position. Percentage increases in nasal resis- 
tance in group B were higher in all positions and 
standard deviation scatter was greater compared with 
healthy subjects. These data indicate a turbinal cav- 
ernous tissue abnormal response that was quantita- 
tively more marked than in perennial allergic rhinitis 
and that was confirmed by the high values of the 
statistical significance (Table 3). 


CONCLUSION 


Positional rhinomanometry revealed a disreactivity 
in specific and aspecific rhinitis manifested in two 
phenomena, the first being the paradoxical response 
in the supine and homolateral recumbent positions, 
and the second a percentage increase in nasal resis- 
tance of more than 80% in all positions. In any 
positional rhinomanometry test, either one or both 
abnormalities are markers of vasomotor rhinitis. 
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BRAIN STEM AUDITORY-EVOKED POTENTIALS OF MICE WITH 
EXPERIMENTAL ALLERGIC ENCEPHALOMYELITIS 
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MEMPHIS, TENNESSEE 


KUANG-CHUAN CHENG, PHD 
MEMPHIS, TENNESSEE 
TAI-JUNE YOO, MD, PHD 
MEMPHIS, TENNESSEE 


Experimental allergic encephalomyelitis (EAE) is an experimental model for multiple sclerosis. In order to study autoimmune 
retrocochlear hearing loss, we performed brain stem auditory-evoked potential (BAEP) studies on EAE mice. The EAE was induced in 
B10.PL and (PL/J x SJL)F1 mice. In the BAEP study, all of the peak and interpeak latencies were prolonged significantly in the diseased 
mice. Hearing thresholds were slightly elevated in the immunized mice during the acute phase. Inflammatory and phagocytic cell 
infiltration, demyelination, and VB8.1, 8.2 T-cell receptor-positive cells were observed in the cochlear nerves or their proximity by 
histologic study. It is suggested that immunologic reactions identified with EAE also occurred in the cochlear nerve, and that these 
reactions were responsible for the hearing problems. It appears that EAE is a useful model system for studying autoimmune insults on 


the neural portion of the auditory system. 


KEY WORDS — demyelination, evoked potentials, experimental allergic encephalomyelitis, mouse, multiple sclerosis. 


INTRODUCTION 


Multiple sclerosis (MS) is an autoimmune disease 
pathologically characterized by perivascular inva- 
sion of the central nervous system (CNS) by mono- 
nuclear lymphocytes with consequent inflammation 
and demyelination of the neuron sheaths; this leads to 
neurologic deficits up to and including paralysis and 
death. The auditory system is unquestionably af- 
fected by MS. The percentages of abnormal brain 
stem auditory-evoked potentials (BAEPs) in MS 
patients reported in the literature range between 0% 
and 93%. The average is almost 60%.! It has been 
thought that this wide spectrum of percentages can be 
due to difficult criteria either in MS staging or in 
BAEP evaluation. The BAEPs in MS patients are 
characterized by prolonged latency, an increased I-V 
interval, a diminished amplitude of wave V, and 
morphologically degraded, poorly reproducible wave- 
forms. 


Experimental allergic encephalomyelitis (EAE) is 
considered to be an animal model of MS.4°8 In the 
murine model, mice develop a demyelinating disease 
characterized by uncontrolled shivering, neuromus- 
cular deficit, and coordination difficulties.? These 
are similar to the clinical and pathologic changes 
observed in MS in humans. Theimmunologic mecha- 
nisms underlying the disease process have been well 


characterized. Like MS, EAE is amajor histocompat- 
ibility complex (MHC) class II-linked disease, with 
H-2" and H-25being the most susceptible haplotypes.? 
Two of the highest responding strains are B10.PL and 
(PL/J x SJL/J)F1.? Encephalitogenic T cells from 
B10.PL micerespond to a myelin basic protein (MBP) 
N-terminal peptide (NAc1-9) in association with the 
I-A" MHC molecule.191! (PL/J x SIL/DF1 mice 
potentially express both I-À" and I-A* molecules. 
However, insufficient expression of I-A’ was ob- 
served in (PL/J x SJL/J)F1 mice.!21? Therefore, 
encephalitogenic T cells recognize the same N-termi- 
nal epitope as that of B10.PL mice in (PL/J x SJL/ 
J)F1 mice. More than 80% of encephalitogenic T 
lymphocytes from H-2" background mice are ex- 
pressing the T cell antigen receptor (TCR) Vp8.2 
gene segment.!! The encephalitogenic T cells from 
(PL/J x SJL/J)F1 mice also predominantly express 
the VB8.2 gene segment.!? Despite these similarities 
in the T cell responses to antigen, the course of the 
disease is markedly different. Under the conditions 
used in this study, (PL/J x SJL/J)F1 mice develop a 
moderate degree of paralysis that usually follows a 
relapse-remission pattern. The B10.PL mice develop 
a more severe paralysis, most often resulting in the 
death of the animal. 


We had studied the auditory function in shiverer 
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Clinical score 


—u—  (SJL/JxPL/J)F1 
—O— B10.PL 





0 7 14 21 28 35 42 49 56 63 70 
Days after immunization 


Fig 1. Clinical score of mice with experimental allergic 
encephalomyelitis (EAE). Value given is average score. 


mice with BAEPs.!^ These mice showed clear hear- 
ing conduction delays. The shiverer mice are an 
autosomal recessive mutation of the MBP structural 
gene, and are characterized by generalized tremors, 
seizures, and a shortened life span. The mutation 
affects primarily the CNS, in which the absence of 
MBP results in poorly compacted myelin in the 
oligodendrocyte sheath. The lesions in EAEresemble 
those found in the shiverer mice, except that the 
autoimmune lesions are patchy as opposed to sys- 
temic; the EAE lesions tend to be locally severe and 
can vary with time in a relapse-remission pattern. 


Auditory involvement in MS is not infrequent. The 
proximal portion of the cochlear nerve is sheathed by 
MBP-expressing oligodendrocytes, and is therefore 
a potential target for the demyelination induced by 
immunization with MBP in EAE. It is of interest to 
know if the mouse EAE model exhibits auditory 
lesions similar to those of human MS. If this proved 


TABLE1. NUMBER OF MICE TESTED FOR HEARING 


Days After (PL/J x SILIJ)F 1 B10.PL 
Immunization EAE Control EAE Control 

0 14 15 13 13 
7 10 1i 13 13 

14 9 11 13 12 

16 8 11 

21 7 li 13 12 

25 13 6 

28 10 11 7 11 

32 9 11 

35 9 11 

39 9 10 

42 9 11 

56 8 7 

70 9 11 


EAE — experimental allergic encephalomyelitis. 


ij 


IH 
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Fig2. Typicalbrain stemauditory-evoked potential (BAEP) 
tracing indicating numbering of peaks. Indicated are points 
used to measure peak and interpeak latencies. 


to bethe case, this mouse model could prove valuable 
for evaluation of potential treatment modalities. This 
led us to examine the hearing of EAE mice. Both 
B10.PL and (PL/J x SIL/J)F1 mice were used in this 
study to examine the differences that might arise 
because of variance in the genetic background. Both 
male and female mice were used to check for possible 
sex differences. 


MATERIALS AND METHODS 


Animals. B10.PL and (PL/J x SJL/J)F1 mice were 
used in this study. Both sexes of B10.PL mice, male 
PL/J mice, and female SJL/J mice were obtained 
from The Jackson Laboratories (Bar Harbor, Me) and 
bred at the Memphis Veterans Administration Medi- 
cal Center Animal Research Facility. Animals were 
from 6to 8 weeks old at the time of disease induction. 


Antigen. The MBP was prepared from frozen rat 
brain (Pel-Freez Biological, Rogers, Ark) by the 
method of Smith.!? Briefly, the dissected rat brains 
were homogenized in 0.32 mol/L sucrose and layered 
onto 0.85 mol/L sucrose. After the centrifugation 
(25,000 rpm for 30 minutes), the interface was care- 
fully removed, washed three times with deionized 
water, and lyophilized overnight. The protein was 
resuspended in 90% acetone and stirred for 30 min- 
utes at room temperature. The precipitate was dried 
and redissolved in 10 mL 0.3N hydrochloric acid. 
The supernatant was carefully removed and dialyzed 
against 10 mmol/L acetic acid. The acetic acid was 
removed by lyophilization, and the concentration of 
MBP was deduced by 12% sodium dodecyl sulfate 
gel electrophoresis. 


Induction of EAE. The EAE was induced by a 
modification of a standard protocol.!! The mice were 
given a subcutaneous injection of 200 ug of MBP and 
killed Mycobacterium tuberculosis (H37RA, Difco, 
Detroit, Mich) at a concentration of 2.5 mg/mL in a 


Days Group 
(PL/J x SJL/J)F1 mice 

0 MBP 
Control 

7 MBP 
Control 

14 MBP 
Control 

16 MBP 
Control 

21 MBP 
Control 

28 MBP 
Control 

32 MBP 
Control 

35 MBP 
Control 

39 MBP 
Control 

42 MBP 
Control 

56 MBP 
Control 

70 MBP 
Control 

B10.PL mice 

0 MBP 
Control 

7 MBP 
Control 

14 MBP 
Control 

21 MBP 
Control 

25 MBP 
Control 

28 MBP 
Control 
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1.96 x: 0.03 
1.95 + 0.03 
1.91 x 0.03 
1.92 + 0.05 
1.97 x 0.06* 
1.92 + 0.06 
2.06 + 0.10t 
1.92 + 0.03 
2.04 + 0.08t 
1.94 + 0.03 
2.05 x 0.121 
1.93 + 0.04 
2.04 + 0.13 
1.96 x 0.04 
1.97 + 0.05 
1.95 + 0.02 
1.98 x: 0.05 
1.97 + 0.06 
1.98 x: 0.13 
1.96 + 0.04 
1.96 x: 0.09 
1.96 + 0.04 
1.92 x 0.13 
1.95 + 0.03 


2.09 x 0.04 
2.09 + 0.03 
2.11 x 0.05 
2.08 x: 0.03 
2.13 + 0.05 
2.10 x 0.04 
2.17 + 0.08 
2.13 + 0.05 
2.30 + 0.17t 
2.07 x 0.09 
2.19 x 0.11 
2.11 x 0.06 


TABLE 2. PEAK LATENCIES 


Peak Latencies (milliseconds; mean + SD) 


Il 


2.73 x 0.06 
2.70 x 0.03 
2.74 x 0.07 
2.68 + 0.06 
2.88 x 0.17+ 
2.71 + 0.05 
3.03 x 0.231 
2.71 + 0.05 
2.90 x 0.17f 
2.70 x 0.05 
2.95 x 0.181 
2.69 + 0.08 
2.92 + 0.17+ 
2.71 + 0.05 
2.83 + 0.15f 
2.68 + 0.03 
2.86 + 0.16* 
2.70 + 0.07 
2.80 + 0.12* 
2.71 + 0.06 
2.77 + 0.15 
2.68 + 0.05 
2.78 + 0.19 
2.75 x 0.03 


2.85 + 0.06 
2.86 + 0.04 
2.84 + 0.07 
2.86 + 0.04 
2.90 + 0.07 
2.87 x 0.05 
3.01 x 0.20 
2.90 x 0.07 
3.31 + 0.35ł 
2.85 + 0.13 
3.08 + 0.191 
2.88 x 0.09 


Days — days after immunization, MBP — myelin basic protein. 
*p < .05 compared with control. 
tp «.01 compared with control. 
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3.41 + 0.09 
3.42 x 0.05 
3.43 x 0.05 
3.40 x 0.11 
3.71 x 0.32* 
3.48 = 0.07 
3.80 x 0.311 
3.45 x 0.10 
3.61 + 0.121 
3.44 x 0.06 
3.72 x 0.241 
3.39 + 0.09 
3.67 x 0.221 
3.42 x 0.07 
3.61 x 0.13f 
3.39 + 0.06 
3.62 + 0.20t 
3.39 x 0.11 
3.60 x 0.19T 
3.40 x 0.06 
3.47 + 0.20 
3.33 x 0.06 
3.52 + 0.16 
3.41 x 0.09 


3.48 x 0.08 
3.47 + 0.07 
3.45 + 0.08 
3.48 x 0.06 
3.52 + 0.11 
3.45 x 0.08 
3.63 + 0.25 
3.51 +0.11 
4.08 + 0.51* 
3.47 x 0.10 
3.75 x 0.19* 
3.55 x 0.11 


IV 


4.54 x 0.10 
4.51 x 0.07 
4.48 x 0.09 
4.45 x 0.11 
4.81 + 0.361 
4.47 + 0.08 
5.05 x 0.50t 
4.44 x 0.11 
4.65 + 0.24F 
4.40 + 0.05 
4.89 + 0.37f 
4.37 x 0.07 
4.77 x 0.29t 
4.39 x 0.10 
4.57 € 0.18t 
4.38 + 0.08 
4.63 + 0.32 
4.39 x 0.18 
4.58 + 0.22* 
4.41 +0.10 
4.52 x 0.20* 
4.29 x 0.13 
4.51 x 0.29 
4.40 x 0.07 


4.61 x 0.16 
4.64 + 0.09 
4.61 x 0.12 
4.59 x 0.11 
4.69 x 0.14 
4.62 x 0.13 
4.80 x 0.31 
4.67 + 0.14 
5.37 x 0.71* 
4.53 x 0.16 
5.02 + 0.35t 
4.66 x 0.16 
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V 


5.69 + 0.18 
5.61 x 0.12 
5.60 + 0.13 
5.53 € 0.15 
5.93 x 0.381 
5.55 x 0.12 
6.22 + 0.58T 
5.52 + 0.16 
5.91 + 0.33f 
5.52 +0.11 
6.12 + 0.511 
5.47 « 0.09 
5.96 + 0.331 
5.50 + 0.11 
5.67 x 0.30 
5.48 + 0.13 
5.84  0.37* 
5.50 £ 0.23 
5.73 x: 0.23 
5.56 + 0.19 
5.61 + 0.31 
5.40 + 0.11 
5.68 + 0.32 
5.52 + 0.10 


5.67 + 0.16 
5.61 + 0.09 
5.64 + 0.15 
5.56 + 0.15 
5.71 x 0.17 
5.63 + 0.13 
5.96 + 0.50 
5.68 + 0.20 
6.78 + 1.00* 
5.62 + 0.26 
6.14 + 0.31t 
5.68 + 0.04 





0.1-mL emulsion consisting of equal volumes of 10 
mmol/L acetic acid and complete Freund’s adjuvant. 
Three hundred nanograms of Bordetella pertussis 
toxin (List Pharmaceuticals, Campbell, Calif) were 
given intravenously 24 and 72 hours later. Note that 
subcutaneous injection of antigen, rather than the 
standard foot pad injection, was used to minimize 
discomfort to the experimental animals. The quality 
of commercial B pertussis preparations is highly 
variable and the dose used was worked out in advance 
experiments. Control animals were inoculated with 


an emulsion of complete Freund's adjuvant, phos- 
phate-buffered saline (PBS), and M tuberculosis, 
accompanied by intravenous injection of 300 ng of 


pertussis toxin 24 and 72 hours later. 


All animals were followed for clinical signs of 
disease and BAEPs until they were painlessly sacri- 
ficed for tissue or until resolution of their disease. The 
following scale was utilized to grade the clinical 
status of the mice: 0, no clinical disease; 1, tail 
weakness; 2, paraparesis; 3, paraplegia; and 4, quad- 
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TABLE 3. INTERPEAK LATENCIES 
Interpeak Latencies (milliseconds; mean x SD) 


Days Group I-II I-III I-IV I-V 
(PL/J x SJL/J)F1 mice 

0 MBP 0.77 + 0.05 1.45 + 0.07 2.58 + 0.10 3.73 + 0.16 
Control 0.76 + 0.03 1.45 + 0.05 2.57 + 0.07 3.67 x 0.12 
7 MBP 0.82 x 0.08 1.52 x 0.06 2.56 x 0.10 3.69 x 0.13 
Control 0.76 x 0.06 1.48 x 0.09 2.53 + 0.11 3.61 + 0.13 

14 MBP 0.91 + 0.14* 1.74 + 0.30 2.84 + 0.33* 3.96 + 0.341 
Control 0.79 + 0.05 1.56 + 0.08 2.55 + 0.07 3.63 + 0.11 

16 MBP 0.86 + 0.10f 1.57 x 0.05¢ 2.61 + 0.18f 3.87 + 0.251 
Control 0.78 x 0.03 1.53 x 0.08 2.51 x 0.08 3.60 x 0.14 

21 MBP 0.85 x 0.09* 1.56 x 0.05* 2.62 + 0.16* 3.84 x 0.231 
Control 0.76 x 0.05 1.50 x 0.06 2.46 x 0.05 3.58 + 0.11 

28 MBP 0.93 + 0.11+ 1.68 + 0.167 2.84 + 0.30¢ 4.07 + 0.437 
Control 0.76 + 0.06 1.46 + 0.09 2.44 + 0.06 3.55 + 0.07 

32 MBP 0.91 + 0.121 1.63 x 0.12+ 2.72 x 0.231 3.92 + 0.28t 
Control 0.75 x 0.03 1.46 + 0.05 2.43 + 0.10 3.53 + 0.10 
35 MBP 0.86 + 0.121 1.64 + 0.14} 2.60 + 0.17+ 3.70 + 0.30 
Control 0.73 + 0.03 1.44 + 0.05: 2.43 x 0.07 3.53 x 0.13 

39 MBP 0.88 + 0.14f 1.64 + 0.19F 2.65 + 0.30* 3.87 + 0.33* 
Control 0.73 + 0.04 1.42 + 0.11 2.42 + 0.15 3.53 x 0.18 
42 MBP 0.83 x 0.15* 1.62 x O.I5t 2.60 x 0.13F 3.75 x 0.16 
Control 0.75 x 0.05 1.44 x 0.06 2.45 x 0.09 3.60 + 0.17 

56 MBP 0.81 + 0.14 1.51 x 0.18 2.56 x 0.15* 3.65 + 0.24* 
Control 0.72 + 0.02 1.37 + 0.05 2.33 + 0.10 3.44 + 0.08 

70 MBP 0.86 + 0.12 1.61 + 0.117 2.59 + 0.19* 3.76 + 0.22t 
Control 0.80 + 0.03 1.46 + 0.10 2.46 + 0.06 3.57 + 0.08 

B10.PL mice 

0 MBP 0.76 + 0.06 1.39 + 0.07 2.52 + 0.15 3.59 x 0.13 
Control 0.77 x 0.04 1.38 + 0.07 2.56 + 0.08 3.52 + 0.08 
7 MBP 0.73 + 0.07 1.35 + 0.05* 2.50 x 0.10 3.53 + 0.11 
Control 0.77 + 0.04 1.39 + 0.05 2.51 x 0.10 3.48 + 0.14 
14 MBP 0.77 x 0.05 1.39 x 0.08 2.56 x 0.11 3.59 + 0.14 
Control 0.77 x 0.04 1.35 x 0.08 2.52 x 0.12 3.53 + 0.12 
21 MBP 0.84. x 0.14 1.45 + 0.18 2.63 x 0.25 3.79 x 0.42 
Control 0.77 x 0.04 1.38 + 0.10 2.54 + 0.11 3.55 + 0.16 

25 MBP 1.01 + 0.20* 1.78 + 0.39% 3.07 + 0.58* 4.48 + 0.86* 
Control 0.78 + 0.08 1.40 + 0.06 2.46 + 0.10 3.55 + 0.19 

28 MBP 0.89 + 0.117 1.56 + 0.09* 2.83 + 0.277 3.95 + 0.217 
Control 0.77 + 0.06 1.44 + 0.09 2.54 + 0.12 3.57 + 0.18 


Days — days after immunization, MBP — myelin basic protein. 


*p < .05 compared with control. 
tp «.01 compared with control. _ 


riplegia or moribundity. This modifies a standard 
five-point scale! for evaluating the status of mice by 
combining quadriplegia with moribundity, since in 
our animal facility, quadriplegic mice are euthanized. 


Recording of BAEPs. The BAEPs were recorded 
by a Nicolet CA-1000 system (Nicolet Biomedical 
Instruments, Madison, Wis) with an intraperitoneal 
injection of anesthetic (a mixture of 85 mg/kg ketamine 
hydrochloride and 17 mg/kg xylazine). One hun- 
dred—microsecond clicks were generated at a repeti- 


tion rate of 11.4 per second as the sound stimulations 
and then delivered by an earphone to an external ear 
canal of the mouse through a 21-cm connecting tube. 
The evoked potentials, taken with needle electrodes 
inserted subcutaneously at the vertex and ipsilateral 
paw, were amplified x104, filtered with a band pass 
between 150 and 1,500 Hz, and averaged from a total 
of 500 click-evoked responses for the first 10-milli- 
second period following stimulation. The minimum 
detectable value on the two different points of the 
latency, measured by the cursor mode of this system, 
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Fig 3. Comparison of hearing thresholds in 
decibels hearing level of A) (PL/J x SJL/DF1 
and B) B10.PL mice. * — p «.05. ** — p «.01. 
Values are average threshold + SD. 
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is 0.04 millisecond. The minimal hearing thresholds 
were determined with 5-dB-step sound stimulation 
according to the visually detectable amplitude of the 


first peak. On the basis of studies of mice from our. 


previous report,!^ we measured peak and interpeak 
latencies by a 70-dB sound stimulation 5 minutes 
after anesthetic injection. Hearing thresholds are in 
decibels hearing level (HL) and are based on mea- 
surements in over 50 control mice in preliminary 
work. 


Histologic Studies. For light microscopy, mice 
were anesthetized, painlessly sacrificed, and dis- 
sected. The head was immersed in 10% buffered 
formaldehyde solution. Tissues were decalcified with 
10% ethylenediaminetetraacetic acid, dehydrated, 
and embedded in paraffin. Sections of 6 um cut 
vertically and horizontally were stained with hema- 
toxylin and eosin. 


For immunohistochemistry, the brain and tempo- 
ral bone tissues were fixed by transfusion via the 
heart with periodate-lysine-paraformaldehyde solu- 
tion. The dissected tissues were immersed in the 
solution for 24 hours at 4°C. The specimen was rinsed 
with 0.01 mol/L of PBS (pH 7.4) containing 10% to 
20% sucrose for 36 hours at 4°C, embedded in OCT 
(optimalcutting temperature) compound (Miles Labo- 
ratories Inc, Elkhart, Ind), and immediately frozen. 
Frozen sections of 6 um in thickness were obtained. 
Afterrehydrating and rinsing in cold PBS, the endog- 
enous pseudoperoxidase was blocked with absolute 
methanol containing 0.5% hydrogen peroxide for 20 


TABLE 4. SUMMARY OF MORPHOLOGIC FINDINGS 


Group Acute Phase 70 dPI 
(PL/J x SJL/)F1 EAE ++:1, +:3, +:1 ++:2, —:1 
Control = +:1, -:1 -:3 
B10.PL EAE 42, +:4 0 
Contro +:1 0 


Symbols ~, +, +, and ++ refer to degree of cell infiltration observed in 
cochlear nerve. Number after colon in each case refers to number of 
mice with given level of infiltration. 

dPI — days postimmunization, EAE — experimental allergic en- 
cephalómyelitis (immunized with myelin basic protein). 
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minutes at room temperature, and then the sections 
were treated with 396 normal goat serum in PBS to 
reduce the nonspecific reaction. Biotin-conjugated 
mouse anti mouse V 8.1, 8.2 TCR monoclonal anti- 
bodies (Pharmingen, San Diego, Calif), diluted to 
1:50 in PBS containing 0.596 bovine serum albumin, 
were applied to the sections and incubated 24 hours 
at 4°C. After rinsing with PBS, the sections were 
incubated with avidin-biotin horseradish peroxidase 
complexes (Vectastain Elite ABC Kit, Vector Labo- 
ratories, Inc, Burlingame, Calif) for 30 minutes at 
room temperature and rinsed sufficiently with PBS. 
The reaction product was developed with 0.02% 3,3'- 
diaminobenzidine in 0.05 mol/L of Tris buffer (pH 
7.6) with 0.005% hydrogen peroxide for 7 minutes. 
The sections, with counterstaining, were dehydrated, 
cleared in xylene, and mounted. Control staining for 
specificity of antibodies was studied with PBS in- 
stead of antibodies. 


For transmission electron microscopy, mice were 
anesthetized, painlessly sacrificed by transfusion via 
the heart with Karnovsky’s fixative (2.5% glutaral- 
dehyde and 2% formaldehyde in 0.2 mol/L of caco- 
dylate buffer; pH 7.4), and dissected to immerse the 
head in the same fixative at 4°C until use. The 
cochlear nerves were taken from the specimen mac- 
roscopically. These specimens were postfixed in 
buffered 2% osmium tetroxide, dehydrated through 
graded concentrations of ethanol, and embedded in 
epoxy resin (Epon). Semithin sections were stained 
with toluidine blue and observed by light micro- 
scope. Thin sections were stained with uranyl acetate 
and lead citrate. Observations were made with a 
transmission electron microscope (JEM-1200EX, 
Jeol, Tokyo, Japan). 


Statistical Analyses. Statistical analyses were per- 
formed by Student's t-test or the x? test, as appropri- 
ate. 


RESULTS 


Clinical Observations. We immunized 16 (PL/J x 
SJL/J)F1 mice (6 males and 10 females) and 13 
B10.PL mice (9 males and 4 females) with MBP. The 
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Fig 4. Inflammatory cell infiltration in auditory tract (paraff in section, H & E, original x1 
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was obtained from (PL/J x SJL/J)F1 mouse at 16 days postimmunization (dPI). At this time, clinical grade was 2. B) Lateral 
lemniscus. This specimen comes from same mouse as in A. C) Cochlear nucleus. This specimen was obtained from B 10.PL mouse 
at 25 dPI. At this time, clinical grade was 2 and hearing threshold was 40 dB HL. D) Cochlear nerve. This specimen was obtained 
from B10.PL mouse at 25 dPI. At this time, clinical grade was 4 and hearing threshold was 45 dB HL. 


numbers of the control mice were 15 in (PL/J x SJL/ 
J)F1 mice (5 males and 10 females) and 13 in B10.PL 
mice (9 males and 4 females). The incidences of 
clinical signs in the immunized mice were 6746 in 
male (PL/J x SJL/J)F1 mice and 100% in the other 
groups of immunized mice. The onset of the clinical 
signs was 20 + 6.4 (mean + SD) days postimmunization 
(dPI) in male (PL/J x SJL/J)F1 mice, 17 + 3.5 dPI in 
male (PL/J x SJL/J)F1 mice, 22 + 2.4 dPI in male 
B10.PL mice, and 25 + 1.7 dPI in female B10.PL 
mice. There were no significant differences between 
males and females regarding the incidence and onset 
of clinical signs. In (PL/J x SJL/J)F1 mice, the clini- 
cal signs were improved from 21 to 28 dPI and the 
mice were showing signs of relapse at 28 dPI (Fig 1). 
Five out of 9 of these mice still had clinical signs 
(grade 2 or 3) at 70 dPI. Most of the B10.PL mice 
were dead after 28 dPI. 


Comparison of Peak Latencies. Analysis of hear- 
ing tests was performed by using the data from mice 
that presented clinical signs. Table 1 shows the num- 
bers of mice on which we performed hearing tests. 


The first through fifth peaks were reliably obtained 
from most of the mice (Fig 2). Some peaks were not 
identified in 1 B10.PL mouse and 4 (PL/J x SJL/J)F1 
mice immunized with MBP; the details are as fol- 
lows: peaks III and IV at 35 dPI in a B10.PL mouse, 
peaks II to V at 28 dPI and peak II at 30 dPI in a (PL/ 
J x SJL/J)F1 mouse, peak II at 28 to 32 dPI in a (PL/ 
J x SJL/J)F1 mouse, and peak III at 70 dPI in 2 (PL/ 
J x SJL/J)F1 mice. 


In (PL/J x SJL/J)F1 mice immunized with MBP, 
the delay of peak latencies was observed from 14 dPI. 
The delay increased at 16 dPI, once decreased at 21 
dPI, and increased, thereafter, to a maximum at 28 
dPI. After 28 dPI, the delay was decreasing. At 70 dPI 
there was no significant difference between the im- 
munized and control groups, although half of these 
mice still had clinical signs of EAE (Table 2). In 
B10.PL mice, the peak was delayed significantly 
from 25 dPI. Further observation was impossible, 
because most of the mice were dead after 28 dPI 
(Table 2). Compared with the average of the clinical 
score, the delay of the peak seemed to be parallel to 
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filtrations at 70 dPI (paraffin section, H & E, original x100). A) Lateral lemniscus. At this time, clinical 


grade was 3 and hearing threshold was 30 dB HL. B) Cochlear nucleus. At this time, clinical grade was 0 and hearing threshold 


was 35 dB HL. 


the severity of clinical signs on the whole (Fig 1 and 
Table 2). At 21 dPI, when the clinical signs were 
improved, the delay of the peak was also getting 
smaller in (PL/J x SJL/J)F1 mice immunized with 
MBP. 


Comparison of Interpeak Latencies. The interpeak 
latencies were also prolonged at the same time as the 
delay of peak latencies. The prolongations were maxi- 
mum at 28 dPI in (PL/J x SJL/J)F1 mice, and were 
maximum at 25 and 28 dPI in B10.PL mice. These 
interpeak prolongations were decreasing with time in 
the same way as the delay of peak latencies. How- 
ever, significant prolongation remained at 70 dPI in 
the (PL/J x SJL/J)F1 mice. Significant prolongation 
was observed in interpeaks I-III, I-IV, and I-V with 
MBP immunization (Table 3). 


Comparison of Minimal Hearing Thresholds. In 
(PL/J x SJL/J)F1 mice, the averaged minimal hearing 
thresholds were elevated significantly compared with 
controls at 14, 32, and 42 dPI with MBP. In B10.PL 
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Fig 6. Immunohistochemical demonstration of TCR V8.1, 8.2-positive cells in vicinity of cochlear nucleus. This specimen 


mice, the averaged minimal hearing thresholds were 
elevated significantly at 25 dPI. The elevation was 
from 5 to 10 dB HL (Fig 3). The hearing threshold 
was elevated to 70 dB HL at 28 dPI in 1 (PL/J x SJL/ 
J)F1 mouse immunized with MBP. 


Histologic Findings. We observed 6 immunized 
mice (from 23 to 39 dPI) and a control mouse (35 dPI) 
among B10.PL mice, and 5 immunized mice (from 
16 to 32 dPI) and 2 control mice (14 and 21 dPI) 
among (PL/J x SJL/J)F1 mice in paraffin sections 
under alight microscope. The results are summarized 
in Table 4. In the acute phase, mononuclear inflam- 
matory cell infiltrations were observed in the spiral 
ganglion, cochlear nerve, cochlear nucleus, superior 
Olive, lateral lemniscus, and inferior colliculus (Fig 
4) by light microscopic observation. There were no 
inflammatory changes in the cochlea. Three immu- 
nized and 3 control (PL/J x SJL/J)F1 mice were 
observed at 70 dPI under a light microscope (Table 
4). The cell infiltration was still observed in the 
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comes from B10.PL mouse at 28 dPI. At this time, clinical grade was 2 and hearing threshold was 30 dB HL. A) Original x100. 
CNu — cochlear nucleus, arrows — positive cells. B) Higher magnification of boxed area in A (original x400). 
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Fig 7. Light micrographs taken from Epon sections of cochlear nerve in acute EAE. A) Cochlear nerve from B10.PL mouse at 
25 dPI (original x1,000). Hearing threshold was 45 dB HL and clinical grade was 4. Polymorphonuclear lymphocytes had 
infiltrated into area adjacent to vestibular ganglion. B) Cochlear nerve from (PL/J x SJL/J)F1 mouse at 30 dPI (original x400). 
Hearing threshold was 30 dB HL and clinical grade was 2. Hearing threshold had been elevated to 70 dB HL at 28 dPI. Macrophage- 
containing myelin debris (arrows) and naked axons (a) were seen. 


cochlear nucleus and lateral lemniscus of (PL/J x 
SJL/J)F1 mice (Fig 5). In the cochlear nerve, we were 
not able to find cell infiltration. There were no severe 
cell infiltrations in control mice. 


Immunohistochemical studies were performed on 
3 immunized (28, 28, and 32 dPI) and 2 control (28 
and 32 dPI) B10.PL mice, and 1 (30 dPI) (PL/J x SJL/ 
J)F1 mouse. We found V8.1, 8.2 TCR-positive 
cells in the subependymal area close to the inferior 
colliculus, lateral lemniscus, and cochlear nucleus 
(Fig 6). In control mice, we were not able to observe 
TCR-positive cells in the auditory tract. 


Three immunized (25, 25, and 28 dPI) B10.PL 
mice, a control (28 dPI) B10.PL mouse, and an im- 
munized (30 dPI) (PL/J x SJL/J)F1 mouse were ob- 
served by transmission electron microscopy. We 
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lectron micrographs of cochlear nerve from immunized B10.PL mouse. Hearing threshold was 45 dB HL and clinical grade 


found polymorphonuclear lymphocyte infiltration in 
the vestibular ganglion, macrophages, and demyeli- 
nation in Epon semithin sections from immunized 
mice but not the control mouse (Fig 7). In transmis- 
sion electron microscopy, naked axons, myelin de- 
bris in extracellular spaces (Fig 8A), and macro- 
phages containing membranous material in cytoplas- 
mic vacuoles (Fig 8B) were observed. We also exam- 
ined 2 immunized mice and a control (PL/J x SJL/ 
J)F1 mouse at 70 dPI. Demyelinated areas still could 
be observed in the cochlear nerve (Fig 9). Inflamma- 
tory and phagocytic cell infiltrations were not signifi- 
cant. Significant changes were not observed in con- 
trol mice by transmission electron microscopy. 


DISCUSSION 
The human auditory system is unquestionably 
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was 4 at 25 dPI. Bars — 2 um. A) Naked axon and myelin debris (arrows) were seen. Astrocytic gliosis was seen also (arrowhead). 
B) Macrophage (M) and phagocytosed myelin sheath. In cytoplasm, phagocytosed myelin debris was seen in vesicle. Naked axons 
(a) were seen around macrophage. 
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nerve at 70 dPI. Demyelinated fibers were still scattered (arrow). 


This (PL/J x SJL/J)F1 mouse showed no clinical signs and had 30 dB HL hearing threshold (original x400). B) Electron micrograph 
from A. Naked axons and thinly myelinated axons are evident on transmission electron microscopy. Bar — 2 um. 


affected by MS; the average of reported percentages 
of abnormal BAEPs in MS patients is almost 60%. ! 
In MS patients, BAEPs are characterized by pro- 
longed latency, an increased I-V interval, a dimin- 
ished amplitude of wave V, and morphologically 
degraded, poorly reproducible waveforms.? In this 
study, we have investigated the auditory consequences 
of MBP-induced EAE in mice; this experimental 
disease is thought to be a good model of human MS. 
In our mouse EAE model, the mice that displayed 
clinical signs of EAE also showed significant prolon- 
gation of peak latencies and interpeak latencies. This 
prolongation was observed in all peaks and interpeaks. 
The differences between the immunized and control 
groups were more clear in the central part of the 
auditory tract (peaks IV and V and interpeaks I-IV 
and I- V) than in the peripheral part (peaks I and II and 
interpeak I-II), in concordance with the human dis- 
ease. However, the delay of peak I is consistent with 
the inflammatory cell infiltration in the cochlear 
nerve that we observed. There are several case reports 


TABLE 5. THRESHOLD EFFECT ON PEAK AND 
INTERPEAK LATENCIES FOR CONTROL B10.PL MICE 








40 dB HL Mice 35 dB HL Mice 
(N = 15) (N = 23) 
Peaks 
I 2.072 + 0.041 2.080 + 0.051 
II 2.843 x 0.049 2.831 x 0.054 
III 3.499 x 0.092 3.463 x 0.054 
IV 4.584 x 0.135 4.553 x 0.085 
V 5.680 x 0.199 5.614 x 0.145 
Interpeaks 
I-II 0.771 + 0.053 0.75] x 0.040 
I-III 1.427 + 0.090 1.383 + 0.065 
I-IV 2:3124 0.121 2.473 + 0.016 
I-V 3.608 + 0.186 3.534 + 0:125 


Latencies are mean + SD in milliseconds. 


mentioning prolongation of wave I latency in MS 
patients. !7-% [n contrast to the human MS studies, we 
were not able to frequently observe a diminished 
amplitude of wave V or morphologically degraded, 
poorly reproducible waveforms. The reason for this 
difference between humans and mice is not yet clear. 
Our study focused on the acute phase of EAE. Some 
of the (PL/J x SJL/J)F1 mice had clinical signs at 70 
dPI. The delays of peak and interpeak latencies were 
improved at that time. In most of the human studies, 
the patients had a history of relapsing and remitting 
illness. Unfortunately, we were not able to observe 
the relapsing of clinical signs in this study; we need 
long-term observation as a next step. Our study did 
clearly show the delay of the peak and interpeak 
latencies over the period of observation, so we be- 
lieve that this animal model is valid for the study of 
auditory involvement in demyelinating diseases such 
as MS. 

It might be argued that the abnormalities of the 
BAEPs result from decreases in the hearing threshold 
due to peripheral deficits. This appears to be unlikely 
for a number of reasons. First, the difference in 
average thresholds between MBP-immunized mice 
and control mice was small, generally 5 dB HL or less 
at most time points. A comparison of peak and 
interpeak latencies between 15 control B10.PL mice 
with thresholds of 40 dB HL and 23 matched control 
B10.PL mice with thresholds of 35 dB HL showed no 
statistical differences (Table 5). In contrast, the MBP- 
immunized mice had statistically significant changes 
in peak and interpeak latencies, even at times when 
there were no statistical differences in hearing thresh- 
olds. Furthermore, the greatest changes in latencies 
occurred in the peak and interpeak (peaks IV and V 
and interpeaks I-IV and I-V) latencies that represent 
the central portion of the auditory response; statisti- 
cally significant changes were observed in these la- 


914 Watanabe et al, Auditory-Evoked Potentials in Allergic Encephalomyelitis 


tencies, even at times when peak I latencies were nor- 
mal. Therefore, we believe these results are truly rep- 
resentative of retrocochlear hearing loss. 


There 1s no fundamental agreement in the clinical 
literature regarding the elevated thresholds of pure 
tone audiometry that are produced by MS.!:2! How- 
ever, there is agreement regarding sudden sensori- 
neural hearing loss in MS patients. This has been 
reported as an uncommon presenting symptom in this 
disease.! There was a slight elevation of mean thresh- 
olds in our mouse EAE model. The inflammatory cell 
infiltration in the cochlear nerve that was observed 
could account for this. One out of 29 mice immunized 
with MBP developed a considerable elevation of 
hearing threshold, which seems analogous to the 
human sudden sensorineural hearing loss in MS, 
although there is insufficient evidence to demon- 
strate strict equivalence. 


Our histologic findings coincided with the results 
of BAEPs. Four out of 9 immunized (PL/J x SIL/J)F1 
mice still had paraparesis or paraplegia at 70 dPI. We 
found inflammatory cell infiltrations in the cochlear 
nucleus and lateral lemniscus, but not in the cochlear 
nerve. Peak I latencies were returning to normal, but 
interpeak latencies were still prolonged slightly. How- 
ever, we still found demyelinated areas in the co- 
chlear nerve. The same situation was reported in the 
CNS of EAE mice.2 The number of remyelinated 
axons was small even in mice that had multiple 
relapses and remissions. Onofrj et al?? reported that 
latency reductions are found in guinea pigs in which 
remyelination phenomena are not present. It is well 
known that the extent of lesions in MS is in many 
cases far greater than would be anticipated from 
clinical observations. Asymptomatic or "silent" de- 
myelinated MS lesions have been described in the 
spinal cord.” Furthermore, the prolongation of inter- 
peak latencies was not so great as that of the acute 
phase. Therefore, there may be some compensative 
reaction after acute inflammation. For example, Moll 
et al?5 reported the altered distribution of voltage- 
sensitive sodium channels in human MS patients. 


The elevation of hearing thresholds, prolongation 
of peak I latency, and pathologic changes in the 
cochlear nerve seen by light microscopy indicated 
that the disorder known to occur in the CNS might 
extend to the cochlear nerve. Because of this, we 
focused on the cochlear nerve in our transmission 





electron microscopy. The pathologic changes in the 
earliest stage of acute EAE are small lymphocytes 
and polymorphonuclear cell infiltration in submen- 
ingeal and perivascular areas, hemorrhagic lesions, a 
loss of myelinated axons by wallerian degeneration, 
and appearance of small numbers of naked axons. 
The CNS lesions showed a decrease in the number of 
inflammatory cells, an increase in the proportion of 
phagocytic cells in the infiltrates, and an increase in 
the number of naked axons. As animals begin to 
improve clinically from the acute attack, minimal 
remyelination and astrocytic gliosis become pro- 
nounced.2 Our transmission electron microscopic 
observation showed almost the same findings in the 
cochlear nerve. 


Immunologically, EAE has been used as an animal 
model to study T cell-mediated autoimmune dis- 
eases in humans. More than 8096 of encephalitogenic 
T lymphocytes from B10.PL or (PL/J x SJL/J)F1 
mice express the TCR VB8.2 gene segment.19.1 
Although we were not able to show VB8 TCR- 
positive cells in the cochlear nerve itself, VB8 TCR- 
positive cells were shown in the vicinity of the 
cochlear nucleus and nerve by our immunohisto- 
chemical study. 


Putting these findings together, we found a strong 
suggestion that the audiologic changes of EAE mice 
were comparable to those of MS patients, and that 
immunologic reactions identified with EAE in the 
cochlear nerve and CNS were responsible for the 
audiologic abnormalities. It appears that EAE mice 
are a suitable model for investigating immune insults 
to the auditory tract of MS patients. To our knowl- 
edge, there is only one previous report regarding 
hearing tests in an EAE model (Onofrj et a122), which 
used guinea pigs as an experimental animal. More 
precise dissection of immunologic events during 
autoimmune involvement may be possible with our 
mouse model, since a great deal more is known about 
the genetics and epigenetic phenomena affecting the 
immune system in the mouse than is known in the 
guinea pig model. The eventual goal of this ongoing 
study is to develop a method of ameliorating or 
abrogating the autoimmune destruction of the CNS 
and restoring audiologic and other function. We 
believe that EAE mice are a useful model for studying 
autoimmune insults to the neural portion of the au- 
ditory system. 
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EFFECT OF LIPOXYGENASE INHIBITION ON MUCOUS 
GLYCOPROTEIN SECRETION FROM CHINCHILLA MIDDLE 
EAR EPITHELIAL CELLS IN VITRO 
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Lipoxygenase is an enzyme that metabolizes arachidonic acid down to leukotrienes. Recent studies have shown that the enzyme is 
implicated in mucous glycoprotein (MGP) secretion stimulated by inflammatory mediators in the airways, suggesting its possible role 
in secretion of MGP from middle ear epithelial cells. To investigate a correlation between MGP secretion and the arachidonic acid 
metabolites, we examined the effects of nordihydroguaretic acid (NDGA, both a cyclooxygenase and lipoxygenase inhibitor), low-dose 
indomethacin (an inhibitor of cyclooxygenase), and A63162 (an inhibitor of lipoxygenase) on MQP secretion in cultured chinchilla 
middle ear epithelial cells. It was found that lipoxygenase inhibition led to reduction of MGP secretion from cultured chinchilla middle 
ear epithelial cells, while cyclooxygenase inhibition did not. Both cyclooxygenase and lipoxygenase inhibition resulted in profound 
blockage of MGP secretion in baseline and platelet activating factor-stimulated MGP secretion. It was concluded, therefore, that MGP 
secretion was linked to arachidonic acid metabolites, especially lipoxygenase products. 


KEY WORDS — lipoxygenase, middle ear epithelial cells in vitro, mucous glycoprotein secretion, otitis media with effusion, 


platelet activating factor. 


INTRODUCTION 


Platelet activating factor (PAF) is alow—molecular 
weight, ether-linked phospholipid released by a vari- 
ety of inflammatory cell types, including basophils, 
platelets, mast cells, eosinophils, neutrophils, mono- 
cytes, and macrophages, as well as by endothelium, 
epithelium, and perhaps other, as yet unidentified 
cells.! Platelet activating factor is a potent bioactive 
mediator that is implicated in inflammatory, allergic, 
and immune reactions. It has been shown that PAF is 
a potent secretagogue of mucous glycoprotein (MGP) 
and plays an important role in the pathogenesis of 
otitis media with effusion in vivo and in vitro.>® 
Because of its ability to stimulate MGP release, PAF 
appears to be an important mediator that causes 
hypersecretion of mucus in the middle ear cavity and 
eustachian tube. This action appears to be mediated 
by PAF receptors on epithelial cell surfaces.’ How- 
ever, the mechanism of mucous secretion at the 
postreceptor level is not understood. 


Arachidonic acid metabolism is known to play an 
important role in otitis media. Prostaglandin and 
leukotriene levels increased in child and adult pa- 
tients with otitis media.9? Recent studies have sug- 


gested that arachidonic acid metabolites are involved 
in MGP secretion in the airways. Work by Adler et 
all? demonstrated an increase in leukotrienes in the 
supernatant of cells incubated with the inflammatory 
mediator PAF. Further studies indicated that exog- 
enous 5-, 12-, and 15-hydroxyeicosatetraenoic acids 
stimulated MGP secretion from cultured guinea pig 
respiratory epithelium,!! implying that lipoxygenase 
products may trigger MGP secretion. 


Mucus hypersecretion, caused by inflammatory 
mediators, could be a serious problem in patients with 
otitis media, because ofthe increase of viscoelasticity 
of the middle ear fluid. It is believed that increased 
viscoelasticity of middle ear effusion is, in part, 
responsible for disturbances of the mucociliary trans- 
port system of the middle ear. It is important, there- 
fore, in the treatment of this disease, to inhibit exces- 
sive secretion from middle ear epithelial cells. In the 
present study, a possible link between the arachi- 
donic acid metabolites and MGP secretion was ex- 
amined by means of cultured chinchilla middle ear 
epithelial cells. To determine which pathway is sig- 
nificantto MGP secretion, we selectively blocked the 
lipoxygenase pathway and/or cyclooxygenase path- 
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way. 
MATERIALS AND METHODS 


Reagents.Nordihydroguaretic acid (NDGA), indo- 
methacin, streptomycin sulfate, amphotericin B, chon- 
droitinase ABC, putrescine, dithiothreitol, sodium 
azide, insulin-transferrin—sodium selenite (ITS), and 
PAF were purchased from Sigma Chemical Com- 
pany, St Louis, Mo. The PAF was dissolved with 
chloroform. In all experiments described below, chlo- 
roform was chosen as the appropriate control vehicle 
(with the same amount used as in the experimental 
groups). Ecoscint A was purchased from National 
Diagnostic Laboratory, Atlanta, Ga; 7H-glucosamine 
from NEN, Boston, Mass; Dulbecco’s modified Ea- 
gle's medium mixture/F-12 (DMEM/F-12) and fetal 
bovine serum (FBS) from Gibco BRL, Grand Island, 
NY; and A63162 from Abbott, Chicago, Ill. 


Primary Cell Culture. Healthy young chinchillas 
weighing 400 to 600 g were used as donors of middle 
ear epithelial cells. Prior to the experiment, the chin- 
chillas’ tympanic membranes were examined under 
an operating microscope to confirm that the middle 
ears were free of infection. Chinchillas were anesthe- 
tized with ketamine hydrochloride (20 mg/kg) and 
euthanized by decapitation, and both tympanic bullae 
were removed. The eustachian tubes were ligated, 
and the bullae were injected with 0.0996 protease in 
DMEM-F12 with 0.5% FBS, 1% ITS, hydrocorti- 
sone (50 ng/mL), penicillin G sulfate (100 pg/mL), 
streptomycin sulfate (100 ug/mL), and amphotericin 
B (250 ng/mL), wrapped with Parafilm, and incu- 
bated at 4°C for approximately 16 hours. The suspen- 
sion containing the middle ear epithelial cells was 
aspirated and the bullae were rinsed several times 
with a washing solution (the above media containing 
10% FBS, without protease). Suspensions were pooled 
and centrifuged at 500g for 10 minutes, and the pellet 
was washed again with fresh washing solution. These 
procedures were repeated three times to completely 
remove the protease. The pellet containing the middle 
ear epithelial cells was resuspended in 1 mL of full 
growth culture medium (DMEM/F-12) containing 
0.5% FBS, ITS (insulin 5 ug/mL, transferrin 5 ug/ 
mL, sodium selenite 5 ng/mL), hydrocortisone (50 
ng/mL), penicillin G sulfate (100 U/mL), streptomy- 
cin sulfate (100 ng/mL), and amphotericin B (250 ng/ 
mL). The total cell number per 1 mL was determined 
with a hemocytometer. Approximately 5 x 104 cells 
(in 1.5 mL culture media) were seeded on each 
Celagen membrane disc and placed in a humidified 
atmosphere containing 95% air-596 carbon dioxide. 
Putrescine (5 mmol/L) was added to the cultures 
between days 2 and 3 to suppress fibroblast prolifera- 
tion. When the middle ear epithelial cells reached 


subconfluency, the cells were ready for experimenta- 
tion. 


Metabolic Labeling of MGP. Cultures were meta- 
bolically labeled by incubation with 1.5 mL per well 
of full growth culture medium containing 5 uCi/mL 
tritiated glucosamine for 24 hours after the epithelial 
cells reached subconfluency. 


Quantitation of MGP. 'The MGP was assayed 
according to our previous work, 1215 in which high- 
molecular weight glycoconjugates excluded from a 
Sepharose CL-4B column and resistant to proteo- 
glycan-digesting enzymes were identified as MGP. 
Supernatant samples were treated with 0.4 U/mL of 
testicular chondroitinase ABC at 37°C for 5 hours to 
remove proteoglycans. After incubation, the diges- 
tion mixture was neutralized to pH 7.4 with 0.1 mol/ 
L acetic acid and applied to the Sepharose CL-4B 
column equilibrated with phosphate-buffered saline 
(PBS) containing 0.02% (wt/vol) sodium azide. Col- 
umns were eluted with PBS containing 0.02% so- 
dium azide, 0.9% sodium chloride, and 5 mmol/L 
dithiothreitol] at a constant flow rate of 0.5 mL/min, 
and fractions of 2 mL were collected. Void volume 
fractions were mixed with 1 mL of Ecoscint A, and 
the radioactivity of fractions was counted with a 
liquid scintillation spectrometer. Radioactivity at peak 
fractions was defined as the amount of MGP in the 
supernatant. The radioactivity from each sample was 
divided by its own viable cell number, and the indi- 
vidual value of radioactivity, on average, was calcu- ` 
lated. The radioactivity of every 3 x 105 cells of each 
group is presented in the Figure. 


Lipoxygenase and Cyclooxygenase Inhibition of 
Cells. Cultures were radiolabeled with 5 uCi of ?H- 
glucosamine for 24 hours and divided into experi- 
mental groups: control versus NDGA; and PAF ver- 
sus PAF + NDGA. 


To evaluate the effect of cyclooxygenase and li- 
poxygenase inhibition on baseline MGP secretion, 
the cultures were preincubated with and without 
NDGA (a mixed cyclooxygenase and lipoxygenase 
inhibitor) at a concentration of 1 mmol/L for 24 
hours, and then incubated with and without NDGA at 
the same concentration for 4 hours. Supernatants 
were collected for determination of MGP levels. To 
evaluate the effect of cyclooxygenase and lipoxygen- 
ase inhibition on PAF-stimulated MGP secretion, the 
cultures were preincubated with and without NDGA 
at a concentration of 1 mmol/L for 24 hours, and then 
incubated with PAF and PAF + NDGA for 4 hours. 
Supernatants were collected for determination of 
MGP levels. 


To determine which pathway was significant for 
MGP secretion, inhibition of either the cyclooxy- 
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Results. PAF — platelet activating factor, control — full growth medium plus PAF vehicle. A) Effect of nordihydroguaretic acid 
(NDGA) on baseline and PAF-stimulated mucous glycoprotein (MGP) secretion. NDGA, at concentration of 1 mmol/L, exhibited 
inhibitory effect on MGP secretion in baseline and PAF-stimulated MGP states (NDGA versus control, p < .05; PAF + NDGA 
versus PAF, p < .05). This suggests that MGP secreiion in cultured middle ear epithelial cells may be related to arachidonic acid 
metabolites. PAF concentration was 100 mol/L. Radioactivity values are means + SE for n = 6 at each point. B) Effect of 
indomethacin on baseline and PAF-stimulated MGP secretion. Indomethacin, atconcentration of 2.5 umol/L (low dose, inhibition 
of cyclooxygenase), did not significantly inhibit PAF-stimulated MGP secretion (INDO versus control, p > .05; PAF + INDO 
versus PAF, p > .05). However, indomethacin at concentration of 10 pmol/L (high dose, inhibition of both cyclooxygenase and 
lipoxygenase) inhibited baseline and PAF-stimulated MGP secretion (PAF + INDO* versus PAF, p < .05). This suggests that 
baseline and PAF-stimulated MGP secretion in cultured middle ear epithelial cells acts through lipoxygenase pathway. 
Radioactivity values are means + SE for n = 6 at each point. C) Effect of A63162 on baseline and PAF-stimulated MGP secretion. 
A63162, at concentration of 20 umol/L, significantly inhibited baseline and PAF-stimulated MGP secretion (A63162 versus 
control, p «.05; PAF + A63162 versus PAF, p « .05). This indicates that baseline and PAF-stimulated MGP secretion is mediated 
by lipoxygenase pathway. Radioactivity values are means + SE for n = 6 at each point. 


genase pathway or the lipoxygenase pathway was 
carried out. Experimental groups were as follows: 
control versus INDO (indomethacin, low concentra- 
tion); PAF versus PAF + INDO; PAF versus PAF + 
INDO* (indomethacin, high concentration); control 
versus A63162; and PAF versus PAF + A63162. To 
evaluate the effect of cyclooxygenase inhibition on 
baseline MGP secretion, the cultures were labeled as 
mentioned above and preincubated with and without 
indomethacin at 2.5 umol/L (low concentration, in- 
hibiting cyclooxygenase only) for 24 hours, and then 
incubated with and without indomethacin at the same 
concentration for 4 hours. Supernatants were har- 


vested for determination of MGP levels. To evaluate 
the effect of cyclooxygenase inhibition on PAF- 
stimulated MGP secretion, the cultures were prein- 
cubated with and without indomethacin at 2.5 umol/ 
Land 10 pmol/L (high concentration, inhibiting both 
cyclooxygenase and lipoxygenase) for 24 hours, and 
then incubated with and without indomethacin at the 
same concentrations for 4 hours. Supernatants were 
harvested for determination of MGP levels. To evalu- 
ate the effect of lipoxygenase inhibition on baseline 
and PAF-stimulated MGP secretion, in a similar way, 
the cultures were preincubated with and without 
A63162 (a specific lipoxygenase inhibitor) for 24 


Lin et al, Lipoxygenase Inhibition 919 


hours, and then incubated with and without A63162 
for 4 hours (in the baseline state) or incubated with 
PAF and PAF + A63162 (in the PAF-stimulated 
state). Supernatants were then harvested for determi- 
nation of MGP levels. Cells were collected after 
trypsin—ethylenediaminetetraacetic acid treatment to 
examine cell number and viability. After determina- 
tion of total cell numbers, the average secretory 
activity for every 3 x 10° cells was calculated. 


Statistics. Differences between groups were as- 
sessed by Student's t-test for unpaired samples, with 
p < .05 considered statistically significant. In the 
experiments to analyze the effects of NDGA, indo- 
methacin, and A63162 on MGP secretion in the 
baseline and PAF-stimulated states, six replicate 
tissue culture plates were used to generate each 
experimental point. The results are expressed as 
standardized radioactivity of 3 x 10° cells and are 
provided as the mean + SE. 


RESULTS 


Morphologically, the primary culture of chinchilla 


middle ear epithelial cells at subconfluency was a 
monolayer consisting of polygonal cells, as reported 
previously.1^ The culture contained few ciliated cells 
in the early days (days 1 through 4). No ciliated cells 
were identified after day 7. Few fibroblasts (<5%) 
were observed. 


Inhibition of Both Cyclooxygenase and Lipoxy- 
genase Pathways. Platelet activating factor, at a con- 
centration of 100 umol/L, significantly stimulated 
MGP secretion from cultured chinchilla middle ear 
epithelial cells, as reported previously.!4 At 1 mmol/ 
L, NDGA significantly decreased PAF-induced se- 
cretion of MGP (PAF versus PAF + NDGA, p « .05). 
It restored the secretion of MGP to the control levels, 
and significantly decreased the baseline secretion of 
MGP from the cells (see Figure, A). This indicates 
that arachidonic acid metabolites play an important 
physiologic and pathologic role in MGP secretion. 
There was no difference between medium alone and 
ind plus the PAF vehicle, as reported previous- 
ly. 


Inhibition of Cyclooxygenase Pathway.Indometh- 
acin, at a concentration of 2.5 umol/L, which inhibits 
the cyclooxygenase pathway only, did not block the 
PAF-stimulated secretions (PAF versus PAF+ INDO, 
p > .05, see Figure, B) or the baseline secretions 
(control versus INDO, p > .05, see Figure, B); this 
finding indicates that the autocrine level of intracel- 
lular prostaglandins does not affect MGP secretion. 
However, at aconcentration of 10 umol/L, indometh- 
acin significantly decreased PAF-stimulated MGP 
secretion (PAF versus PAF + INDO*, p < .05). Low- 


dose indomethacin inhibited the cyclooxygenase path- 
way only, while high-dose indomethacin inhibited. 
both the lipoxygenase and cyclooxygenase path- 
ways. This suggests that baseline and PAF-stimu- 
lated MGP secretion in cultured middle ear epithelial 
cells acts through the lipoxygenase pathway. 


Inhibition of Lipoxygenase Pathway. At a concen- 
tration of 20 umol/L, A63162 significantly reduced 
MGP secretion (see Figure, C). The A63162, which 
inhibits thelipoxygenase pathway only, demonstrated 
an inhibitory effect on both PAF-induced MGP se- 
cretion (PAF versus A63162, p < .05) and baseline 
secretion (control versus A63162, p < .05). This 
further confirms that lipoxygenase metabolites are 
important in MGP secretion under normal and patho- 
logic conditions. 


Viability of Cells. A consistent rate of cell viability 
was seen with trypan blue staining of the control 
groups (control and PAF-treated groups), ranging 
from 75% to 88%. The rates were from 73% to 89% 
in the experimental groups (NDGA, INDO, and 
A63162 groups). There were no differences between 
controls and PAF, NDGA, INDO, and A63162 groups, 
or between the PAF and PAF+ NDGA, PAF - INDO, 
PAF + INDO*, and PAF + A63162 groups. No 
apparent cytotoxic effects were observed. 


DISCUSSION 


There are two ways in which PAF-stimulated 
MGP secretion can be inhibited. One is to block PAF 
from binding to its receptor on the target cell surface 
(receptor level). The other is to block signal transduc- 
tion at the postreceptor level or biochemical pathway. 


Platelet activating factor is known to induce re- 
sponses in target cells by binding to specific recep- 
tors,^15-18 To block the PAF-stimulated effect on 
target cells, antagonists of the PAF receptor such as 
WEB 2170 BS could be used, as reported previ- 
ously.’ However, all the antagonists studied exhib- 
ited incomplete inhibition, although some showed 
promising results in animal models. Each antagonist 
studied so far was less efficient in binding to the 
receptor than PAF. For example, the concentrations 
of receptor antagonists required to inhibit specific 
binding of PAF to its receptor on polymorphonuclear 
leukocytes by 50% (ED50) were between 30- and 
1,000-fold higher than the concentration of PAF. 
Some antagonists have agonist activity at high con- 
centrations due to their similarity in structure to PAF. 
Those structural analogs also competitively inhibit 
PAF hydrolysis by plasma PAF acetylhydrolase, 
although this may not significantly alter PAF half- 
life in vivo.!? These disadvantages limit application 
of PAF receptor antagonists in human studies, and 
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other approaches to reduction of MGP secretion 
should be studied. 


Binding of PAF to its receptor is known to initiate 
a variety of intracellular signaling transductions and 
biochemical pathways.?0-2 There has been evidence 
that PAF-stimulated cells release free arachidonic 
acid and metabolize it to eicosanoids.1^2^ Mucous 
glycoprotein secretion was associated with lipoxy- 
genase metabolite elevation in the airways, and the 
exogenous leukotriene enhanced secretion of MGP. 
Studies have confirmed that inhibition of the lipoxy- 
genase pathway reduces MGP secretion, leading to 
the assumption that leukotrienes stimulate MGP se- 
cretion in the airways.191! In human neutrophils, 
exogenous PAF induces additional synthesis of PAF, 
which requires activation of phospholipase A2.22:23 
The activation of phospholipase A2 could lead to 
release of arachidonic acid from the cell membrane, 
thus increasing production of prostaglandins and 
leukotrienes. Some studies showed that PAF influ- 
enced calcium homeostasis. Calcium uptake in rabbit 
platelets increased,” and calcium efflux in endothe- 
lial cells was stimulated by PAF.26 It has been sug- 
gested that changes in the calcium content participate 
in regulation of eicosanoid biosynthesis. These find- 
ings suggest that PAF may induce MGP secretion 
from cultured chinchilla middle ear epithelial cells by 
activating arachidonate metabolism. Thus, we postu- 
late that blockage of the lipoxygenase pathway leads 
to a reduction in MGP secretion in middle ear epithe- 
lial cells in vitro. 


The current study demonstrated that supernatant 
MGP decreased significantly when cells were incu- 
bated with NDGA (a mixed inhibitor of both lip- 
oxygenase and cyclooxygenase); this finding sup- 
ports the notion that PAF-induced MGP secretion is 
related to arachidonic acid metabolites. This is con- 
sistent with our previous studies in which leukotriene 
B4 stimulated MGP secretion from cultured chin- 
chilla middle ear epithelial cells. Unlike PAF recep- 
tor antagonists, NDGA is able to profoundly block 
MGP secretion. Experimental blockage of MGP se- 
cretion by inhibition of arachidonic acid metabolites 
provides a possibility for treatment of otitis media 
with effusion. 


Cyclooxygenase metabolites have been shown to 
be responsible for MGP secretion in the intestinal 
tract.2” This does not apply, however, to airway and 
middle ear epithelial cells in vitro. Lipoxygenase 
metabolites are much more active and important than 


cyclooxygenase metabolites in stimulation of MGP 
secretion in airway epithelium.!%1! In the current 
study, the finding that cyclooxygenase inhibition did 
not significantly affect MGP secretion suggests that 
the autocrine prostaglandins induced by PAF in these 
cells might not play the same role in MGP secretion 
as they do in the intestinal tract. Pharmacologic 
concentrations of prostaglandins administered exog- 
enously to middle ear epithelial cells, however, can 
enhance MGP secretion in vitro, as shown by Amesara 
et al.28 This discrepancy reflects the way that prosta- 
glandins act on MGP secretion. It may represent a 
concentration-dependent mechanism of prostaglan- 
dins acting on MGP secretion, whereby the PAF- 
enhanced production of prostaglandins is not high 
enough to trigger MGP secretion. Reaching such a 
conclusion, however, must exclude the possibility 
that prostaglandins stimulate MGP secretion via a 
nonspecific mechanism when a high concentration is 
administered. This is not currently understood. It is 
also unknown whether administration of a high con- 
centration of prostaglandins activates more meta- 
bolic pathways intracellularly. One thing is certain: 
prostaglandin E2, one of the main products of the 
cyclooxygenase pathway seen in chinchilla middle 
ear fluid, did not stimulate MGP secretion in vitro, 
even at a high concentration.28 Of interest, the mode 
of prostaglandin action on MGP secretion at different 
concentrations is similar to that of glucocorticoids on 
the inflammatory reaction. That is, high doses of 
glucocorticoids demonstrate an anti-inflammatory 
effect, while the physiologic concentration does not. 


Lipoxygenase inhibition significantly decreased 
MGP secretion from the cells in baseline and PAF- 
stimulated states, indicating that the lipoxygenase 
metabolites, leukotrienes, play an important role in 
MGP secretion. A high level of MGP secretion may 
be expected from cells when the cyclooxygenase 
pathway is shut down. The theory is that in some 
tissues, shutting down one pathway enhances an- 
other; eg, shutting down the cyclooxygenase path- 
way drives arachidonic acids to the lipoxygenase 
pathway, thus increasing leukotriene production, 
which in turn enhances MGP secretion. Of interest, 
this did not occur in the current study. One explana- 
tion for this may be that during shutdown of the 
cyclooxygenase pathway, the arachidonic acids re- 
turned back to their precursors, rather than metabo- 
lizing to leukotrienes. This may explain why MGP 
secretion remained unaffected in cultured chinchilla 
middle ear epithelial cells. 
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INTRODUCTION 


One of the most common cystic lesions in the 
temporal bone is the cholesterol cyst. Cholesterol 
cysts slowly grow and expand into the middle or pos- 
terior cranial fossa, causing symptoms due to cranial 
nerve disturbance. Recently developed imaging tech- 
niques, however, have facilitated detection of silent 
cysts in the temporal bone. In this report, two cases of 
postoperative cholesterol cysts of the mastoid are 
presented, and diagnosis and treatment of this disease 
are discussed. 


CASE REPORTS 


Case 1. A 64-year-old woman complained of re- 
peated otorrhea from the right ear with bilateral hear- 
ing loss and tinnitus. She had twice undergone open 
type tympanoplasty (modified radical mastoidectomy) 
for right chronic otitis media at another hospital, at 
the ages of 56 and 59. After surgery, tinnitus was 
treated in our clinic. In March 1993, the posterior part 
oftheright mastoid cavity began to swell and develop 
a dark bluish color. Although she had no complaint, 
this swelling rapidly increased in size over 2 weeks 
and a brownish serous solution containing a crystal 
component was obtained by puncture, suggesting the 
existence of a mastoid cyst. 


Therefore, computed tomography (CT) and mag- 
netic resonance imaging (MRI) were performed. An 
axial CT scan showed a diffuse, expansile mass in the 
mastoid (Fig 1A). Ossicles were not detected. Axial 
T1- and T2-weighted MRI revealed a hyperintense 
expansile mass suggesting a cholesterol cyst in the 
mastoid (Fig 1B,C). 


The mastoid cyst was exposed by postauricular 
incision and excised completely, together with the 
skin covering the cyst. Several small cysts were 
found around the cyst. There were numerous mastoid 
air cells that had not been exenterated by previous 


surgeries. These remaining cells were thoroughly 
eradicated. In the tympanic cavity, the stapes re- 
mained intact but had become separated from the 
tympanic membrane, suggesting so-called lateral 
healing of the eardrum. Modified type III ossicular 
reconstruction was performed by means of an incus 
homograft. The posterior wall of the external audi- 
tory canal was reconstructed with a piece of cortical 
bone, and the mastoid cavity obliterated by a Palva 
flap and hydroxyapatite granules. 


Histopathologic examination showed cholesterol 
granuloma consisting of cholesterol clefts surrounded 
by fibroblasts and foreign body giant cells. 


The postoperative hearing gain in the right ear was 
30 dB on average. 


Case 2. A 45-year-old man complained of right 
otorrhea and hearing loss. He had undergone aclosed- 
type tympanoplasty in another hospital because of 
middle ear cholesteatoma at the age of 34. However, 
otorrhea had persisted for 11 years. Otoscopic exami- 
nation revealed severe retraction of the eardrum and 
destruction of the posterosuperior bony wall of the 
external auditory canal. Debris of the cholesteatoma 
was visible in the attic. 


Axial CT demonstrated a cystic mass in the mas- 
toid region (Fig 2A). Ossicles were not detected. An 
MRIexamination demonstrated a well-circumscribed 
mass with high signalintensity in the mastoid on both 
T1- and T2-weighted images, suggesting a choles- 
terol cyst (Fig 2B,C). 


The mastoid cyst was exposed through a postauric- 
ular incision. The outer wall of the cyst was thickened 
and yellowish. After incision of the cyst, glistening 
brown serous fluid containing cholesterol crystals 
was noted and it was easy to completely remove the 
cyst. The aditus ad antrum showed bony closure. By 
drilling this bony structure, the attic was opened and 
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the cholesteatoma removed. Staged surgery was se- 
lected because there was a possibility of residual 
cholesteatoma. 


Histopathologic examination revealed a choles- 
terol cyst containing cholesterin crystals inside the 
fibrous connective tissue of the cyst wall. 


One year later, the second stage of surgery was 
performed. The mastoid cavity was filled with granu- 
lation tissue, and acystic lesion was found in the attic. 
There was no recurrence of the cholesteatoma. After 
removal of the pathologic lesions in the mastoid and 
attic, a modified type III tympanoplasty using an 
incus homograft was performed. The mastoid cavity 
was obliterated with hydroxyapatite granules to avoid 
a recurrence of the cyst. 


Fig 1. (Case 1) A) Axial computed tomography scan showed 
soft tissue opacity (arrows) in mastoid. Malleus and incus 
were not detected. B) T1-weighted axial magnetic resonance 
image demonstrated localized high-intensity area (arrow) in 
mastoid. C) T2-weighted axial magnetic resonance image 
showed high signal intensity (arrow) in mastoid with small 
focal area of decreased signal intensity at center. 


DISCUSSION 


Postoperative cholesterol cysts are rare among 
mastoid cysts.!:2 There are various pathogeneses.! 
Thickening of the mucous membrane and formation 
of granulation tissue due to chronic inflammation, or 
new bone formation after middle ear surgery, can 
lead to the isolation of peripheral mastoid air cells 
(case 1) and closure of the aditus ad antrum (case 2). 
A cyst then develops and gradually enlarges to oc- 
cupy the mastoid cavity. This type of cyst has a slow, 
insidious onset, which makes diagnosis quite diffi- 
cult. The slow and silent expansion of the cyst may 
not be suspected until the bone is eroded and the cyst 
impinges on other structures such as the semicircular 
canal, facial nerve, or dura of the middle and posterior 
cranial fossa.?^ Therefore, periodic examinations are 
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necessary to find postoperative cysts of the mastoid 
before otologic symptoms appear. 


Cholesterol cysts can be identified on imaging 
studies such as CT and MRI. Computed tomography 
shows around and low-density mass shadow similar 
to surrounding tissues.?^ In many cases, it is difficult 
to differentiate cholesteatoma only by CT findings.° 
Magnetic resonance imaging, however, shows very 
characteristic findings: the T 1-weighted image shows 
a hyperintense mass only in cholesterol cysts, be- 
cause breakdown products of hemoglobin after hem- 
orrhage are rich in the cyst, while the T2-weighted 
image shows a hyperintense shadow both in chole- 
steatoma and cholesterol cysts.7-5 From these charac- 
teristics, MRI is superior to CT in suggesting the 


Fig 2. (Case 2) A) Axial computed tomography scan showed 
well-defined lesion, isodense with brain, in mastoid (arrows). 
Malleus and incus were not detected. Magnetic resonance 
imaging scan revealed high signal intensity (arrows) on both 
B) T1-weighted and C) T2-weighted images in same area of 
mastoid as computed tomography scan. Central portion was 
homogeneous on T1-weighted image (B) but slightly hetero- 
geneous on T2-weighted image (C). 


specific diagnosis of cholesterol cyst.?7 


The treatment of cholesterol cysts consists of total 
excision and drainage surgery. In cases of petrous 
apex cholesterol cysts, total excision is considered 
unnecessary and is often not possible, because a 
cholesterol cyst has no distinct epithelial lining as is 
found in primary epidermoid cyst.'^ The cholesterol 
cyst in the mastoid region can be totally removed in 
some cases.! If permanent aeration is maintained for 
a long time, obliteration of the mastoid cavity is not 
required after removing the cyst. Mastoid oblitera- 
tion might be needed, however, when the cavity 
becomes reisolated and results in recurrence of the 
cyst. 


As the cyst in case 1 had rapidly increased in size, 
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it was considered that the growth of the cholesterol 
cyst had been promoted by acute or subacute hemor- 
rhage. To prevent a mastoid cyst, mastoid air cells 
should not be isolated from the tympanic cavity. In 
case 1, the remaining air cells of the mastoid were 
isolated due to modified radical mastoidectomy that 
had been performed 11 years earlier, and one of these 
cells developed rapidly, resulting in the mastoid cyst. 
If radical or modified radical mastoidectomy is se- 
lected, peripheral air cells should be thoroughly eradi- 
cated to prevent their isolation. In case 1, the remain- 
ing air cells were removed during the subsequent 
surgery and the wide mastoid cavity was obliterated 
after reconstruction of the posterior wall of the exter- 
nal auditory canal, because the patient had cavity 
problems such as otorrhea and crust formation in the 
mastoid. 


In case 2, the mastoid cavity was isolated because 
the aditus ad antrum had closed due to new bone for- 
mation. This bony structure was removed by reop- 
eration. However, there was a possibility of reclosure 


of the aditus postoperatively. We selected the mas- 
toid obliteration technique, which is useful in pre- 
venting reclosure of the aditus and postoperative attic 
retraction pocket following recurrent cholesteatoma. 


Concerning detection of recurrent lesions, postop- 
erative follow-up by periodic radiologic examina- 
tions is essential. An MRI scan is probably the best 
diagnostic choice for long-term follow-up evaluation 
of this lesion after surgical treatment and should be 
performed on a yearly basis — sooner, if clinical 
symptoms warrant reevaluation.*/ 


In summary, we presented two cases of postopera- 
tive cholesterol cysts of the mastoid. Magnetic reso- 
nance imaging appears to be more specific than CT in 
establishing the preoperative diagnosis of cholesterol 
cyst. The importance of postoperative follow-up, in- 
cluding MRI examinations, after middle ear surgery 
is emphasized, because the cyst is asymptomatic un- 
til it impinges on other structures in and around the 
temporal bone. 
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EDITOR’S NOTE — A variety of the above cysts were fairly common in postoperative nov-ovalis fenestration operations for 
otosclerosis in the mastoidectomy cavity, and called “blue-dome cysts" because of their similarity to those of the breast in females. They 
enlarged until secretional pressure came to equal the tensile strength of the skin and connective tissue over them, and remained stable 
for decades. No treatment was necessary unless they approached the rim of the fenestration. The reader not familiar with fenestration 


cavities should be aware of this. — Brian F. McCabe, MD 
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Both otolaryngologists and surgical pathologists are involved in the diagnosis and treatment of lesions of the larynx that are best 
diagnosed as invasive squamous cell carcinomas of some specified degree of differentiation, not further subclassified (that is, 
conventional squamous cell carcinomas). On occasicn, however, a patient will present with an invasive tumor that on histologic 
examination diverges from the expected pattern of a squamous cell carcinoma of the usual type and so raises the question of proper 
classification (on the part of the pathologist) and, following classification, a consideration of the prognostic and therapeutic implications 
of such a classification (on the part of the clinician). While some of these unconventional squamous cell carcinomas are rather indolent 
lesions (as, for example, the hybrid verrucous squamoss cell carcinoma), others behave in a fashion similar to conventional squamous 
cell carcinomas (such as the adenoid squamous cell carcinomas), and yet others seem to behave more aggressively than do conventional 
squamous cell carcinomas of a similar size and stage ‘examples include the basaloid squamous cell carcinomas and adenosquamous 
carcinomas). Finally, the possibility exists within the larynx, as elsewhere in the body, that a nonepithelial lesion such as malignant 
melanoma may mimic a tumor more commonly encountered in that vicinity — namely, a squamous cell carcinoma — and so receive 


inappropriate treatment if such mimicry is not recognized. 


INTRODUCTION 


By a wide margin, the majority of malignancies 
arising in the larynx prove to be squamcus cell 
carcinomas; most estimates place the incidence of 
squamous cell carcinoma at over 90% of all laryngeal 
malignancies. It has become apparent, however, that 
the traditional single category of squamous cell car- 
cinoma actually includes several distinct oncotypes, 
which may, in some instances, follow a different 
course than do the usual squamous cell carcinomas. 
Moreover, there have now been recognized several 
nonsquamous tumor types that may be confused with 
laryngeal squamous cell carcinomas; this latter prob- 
lem is particularly likely in the setting of limited 
biopsies in which treatment plans are constructed on 
the basis of histologic examination of only a very 
small portion of the entire lesion. Most otolaryn- 
gologists have had the experience of caring for pa- 
tients whose initial biopsy diagnoses were later re- 
vised following a more detailed examination of a 
subsequent specimen by histochemical, immanohis- 
tochemical, or ultrastructural investigations. 


Dividing the squamous cell carcinomas into sev- 
eral histologic subtypes is not an empty exercise in 
“splitting”; rather, each of these tumor types has its 
own degree of intrinsic malignancy that corresponds 


to the light microscopic appearance of the neoplasm 
— the prognosis, that is, is linked to the individual 
lesion’s phenotype. A laryngeal basaloid squamous 
cell carcinoma, for example, appears to be a more 
aggressive lesion than does an ordinary squamous 
cell carcinoma of similar size. 


In view of the fact that prognosis may vary as a 
function of the specific histologic phenotype of a 
given tumor, it should come as no surprise that the 
pretreatment staging evaluation also may vary among 
the different phenotypes (as, for that matter, may the 
definitive therapy). Forexample, only a limited work- 
up is indicated for a diagnosis of verrucous squamous 
cell carcinoma, which is a decidedly indolent lesion; 
by contrast, the well-known propensity for small cell 
neuroendocrine carcinomas, atypical carcinoids, and 
basaloid squamous cell carcinomas to metastasize 
widely forces a more extensive staging procedure 
when these lesions are diagnosed. In the case of the 
latter group of (aggressive) lesions, the patient may 
be examined for distant metastases by modalities that : 
might include endoscopic examination of the upper 
aerodigestive tract, chest radiography, whole lung 
tomography or computed tomography (CT) scan- 
ning, bone scintigraphy, liver ultrasound, iliac crest 
bone marrow aspiration and biopsy, CT of the head, 
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Fig 1. Basaloid squamous cell carcinoma 
of larynx showing two different compo- 
nents of lesion. 
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and blood chemistry determinations — depending 
upon the dictates of a particular case. 


In the sections that follow, the chief phenotypes of 
the large family of squamous cell carcinomas, as well 
as some key differential diagnostic considerations, 
will be briefly described; in view ofthe constraints of 
space, these descriptions will not be comprehensive. 
The interested reader who desires more in-depth 
coverage of a particular type of lesion should explore 
the references at the end of this article.!-34 


BASALOID SQUAMOUS CELL CARCINOMA 


The first variant of squamous cell carcinoma to be 
considered here is the relatively rare basaloid squa- 
mous cell carcinoma. This tumor is characterized on 
physical examination as, most often, an exophytic 
mass lesion that may be ulcerated; that is, its physical 
characteristics do notdiverge significantly from those 
of the conventional squamous cell carcinoma. On 
microscopic examination, however, this tumor is 
typified by the finding of a proliferation of recogniz- 
able islands of tumor cells with centrally located 
eosinophilic squamous cells intimately admixed with 
small, darker cells that are focally arrayed about the 
peripheries of the islands of tumor with their long 
axes perpendicular to the interface with adjacent fi- 
brous tissue (that is, a palisaded or “picket fence” ar- 
rangement; Fig 1). The histologic difference trans- 
lates into a clinical difference from conventional 
squamous cell carcinoma as well. In many series of 
basaloid squamous cell carcinomas of the head and 
neck region, a majority of patients have had identifi- 
able regional nodal metastases at the time of initial 
evaluation, and a majority of patients ultimately de- 
veloped distant metastases — an observation that has 
led most observers to believe that this is a more ag- 
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gressive lesion than the commonly encountered squa- 
mous cell carcinomas of a similar size. Therapy, it has 
been suggested by some authors, might benefit from 
the inclusion of adjuvant therapy (such as chemo- 
therapy) in addition to surgical excision, neck dissec- 
tion, and radiotherapy.? 


ADENOID SQUAMOUS CELL CARCINOMA 


Asisthe case with many variants of squamous cell 
carcinoma, the adenoid squamous cell carcinoma 
does not usually suggest on physical examination 
that it may be a histologically different entity from 
the common squamous cell carcinomas. This lesion 
is most often seen in sun-exposed skin — particularly 
in the head and neck region — but has rarely been 
found to arise in deep sites, including the hypophar- 
ynx and the lung. Histologically, the superficial-most 
extent of this keratinizing squamous cell carcinoma 
exhibits an unusual degree of cystic change within 
islands of tumor cells; this cystic change appears to 
result from a loss of cohesion among the individual 
cells (acantholysis), and on occasion may be mis- 
taken by the unwary for true glandular or vascular 
differentiation, which it is not (Fig 2). These tumors 
appear to behave in a fashion that parallels that of 
conventional squamous cell carcinomas of a like size 
and stage at presentation; thus, the import of recog- 
nizing this particular subtype of squamous cell carci- 
noma lies in its potential for confusion by the diag- 
nostic surgical pathologist with other lesions, such as 
mucoepidermoid carcinoma and adenosquamous 
carcinoma, that may follow a divergent course from 
that of the usual type of squamous tumors (see be- 
low). Recommended therapy for adenoid squamous 
cell carcinomas does not differ from that for conven- 
tional squamous cell carcinomas, although it has 


928 Ferlito et al, Clinicopatkological Consultation 





been suggested that (in contrast to the relatively indo- 
lent cutaneous lesions) mucosal-based adenoid squa- 
mous cell carcinomas of the head and neck region 
may be more aggressive lesions than their conven- 
tional squamous cell carcinommtous counterparts aris- 
ing in the same region.9? 


ADENOSQUAMOUS CARCINOMA 


When focal lumen formation is found in a biopsy 
otherwise suggestive of a conventional squamous 
cell carcinoma, the possibility of an adenosquamous 
carcinoma should always be considered. Again, these 
are lesions that are unlikely to be distinguished from 
their gross appearance alone. On light microscopy, 
the defining characteristic is the presence of both a 
malignant glandular component and a squamous com- 
ponent that are intimately admixed (and, as a conse- 


Fig 3. Adenosquamous carcinoma of lar- 
ynx showing mixed squamous and glan- 
dular proliferation. 


Fig 2. Adenoid squamous cell carcinoma 
of larynx producing pseudolumens con- 
taining cellular debris. 


quence, differential diagnostic considerations include 
mucoepidermoid carcinoma and adenoid cystic car- 
cinoma; Fig 3). These tumors are uncommonly en- 
countered in the laryngeal region; they are highly 
aggressive tumors that are best approached by surgi- 
cal excision with consideration given to the possibil- 
ity of neck dissection. However, the utility of adju- 
vant therapy remains a matter of debate.!0-!2 


MUCOEPIDERMOID CARCINOMA 


The mucoepidermoid carcinomas are far more 
familiar to the salivary gland pathologist than to the 
laryngeal pathologist; nevertheless, these lesions are 
occasionally encountered in the laryngeal territory 
and so will sometimes present problems in diagnosis 
and treatment both for otolaryngologists and for 
surgical pathologists. On physical examination, these 
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Fig 4. Mucoepidermoid carcinoma of lar- 
ynx. 


tumors are often firm and rubbery, often exhibiting a 
cystic appearance on cut section. The light micro- 
scopic hallmark of this tumor is an admixture of 
mucous cells, epidermoid cells, and intermediate 
cells (Fig 4). Positive histochemical stains for mucin 
can be useful in distinguishing mucoepidermoid car- 
cinoma from pure squamous tumors (although it 
must be conceded that rare mucin vacuoles may be 
identified in some laryngeal squamous cell carcino- 
mas — but the number of such vacuoles found in 
squamous cell carcinomas is significantly less than 
the number seen in true mucoepidermoid carcino- 
mas). The mucoepidermoid carcinomas are members 
of the class of tumors that have in common the fact 
that their prognosis is closely correlated with their 
histologic grade. The low-grade mucoepidermoid 
carcinomas are rather indolent lesions for which 
complete local excision is usually adequate therapy; 
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the high-grade tumors, by contrast, are best approached 
by radical surgical excision, neck dissection, and 
perhaps adjuvant radiotherapy as well.!3-!5 


VERRUCOUS SQUAMOUS CELL 
CARCINOMA AND HYBRID VERRUCOUS 
SQUAMOUS CELL CARCINOMA 


The warty, papillary appearance of an exophytic 
verrucous squamous cell carcinoma is readily recog- 
nized by most clinicians; this is a lesion that may be 
mistaken by the pathologist for a benign verrucous 
lesion on limited sampling. It may be only after 
several small biopsies have been (mis)interpreted as 
benign that the locally extensive nature of the tumor 
comes to light. The treatment of choice is excision 
(by laser or conventional surgery) without neck dis- 
section. On occasion, however, the surgical patholo- 
gist will find on thorough sectioning of a suspected 


Fig 5. Spindle cell carcinoma of larynx. 

ie Bimorphic lesion comprising moderately 

hee. well differentiated squamous cell carci- 
444 noma and sarcomatous component. 
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verrucous squamous cell carcinoma an unexpected 
component of such a lesion — namely, a focus of 
conventionalinvasive squamous cell carcinoma. Such 
a lesion, known as a hybrid verrucous squamous cell 
carcinoma, follows a relatively indolent course as 
well, but may possess some potential (albeit quite 
small) for spread to regional lymph nodes. This fact 
notwithstanding, the hybrid verrucous squamous cell 
carcinomas are probably best approached by local 
excision like that for the verrucous squamous cell 


carcinomas, without neck dissection unless these 
regions are clinically suspicious.!9-15 


SPINDLE CELL (SARCOMATOID) CARCINOMA 
AND SQUAMOUS CELL CARCINOMA 
EXHIBITING DIVERGENT DIFFERENTIATION 


The occasional patient will present with a large 
laryngeal lesion (most often a polypoid exophytic 





Fig 7. Combined small cell neuroendo- 
crine carcinoma of larynx. 
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Fig 6. Spindle cell carcinoma of larynx 
showing pleomorphic spindle cells. 
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mass, projecting into the airway) that proves, on 
microscopic examination, to consist of both malig- 
nant epithelial and malignant mesenchymal compo- 
nents (Figs 5 and 6). Such tumors have been variously 
known as sarcomatoid carcinomas, spindle cell car- 
cinomas, carcinosarcomas, metaplastic carcinomas, 
and pseudosarcomas. These are aggressive tumors 
with a poor prognosis, and so are best approached by 
attempts at complete surgical excision with neck 
dissection, with consideration given to the possibility 
of adjuvant irradiation.!9-23 Occasionally, squamous 
cell carcinomas of the larynx show the finding of pure 
squamous cell carcinoma associated with rhabdomyo- 
sarcomatous differentiation.” 


NEUROENDOCRINE TUMORS 


The family of neuroendocrine tumors is a hetero- 
geneous one. One unifying factor, pertinent to the 
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SUBTYPES AND HISTOLOGIC MIMICS OF 
LARYNGEAL SQUAMOUS CELL CARCINOMA 


Conventional squamous cell carcinoma (keratinizing and non- 
keratinizing variants), not further subclassified 


Basaloid squamous cell carcinoma 
Adenoid squamous cell carcinoma 
Adenosquamous carcinoma 
Mucoepidermoid carcinoma 


Verrucous squamous cell carcinoma and hybrid verrucous squa- 
mous cell carcinoma 


Spindle cell carcinoma (sarcomatoid carcinoma) 


Neuroendocrine tumors (atypical carcinoid, small cell neuroen- 
docrine carcinoma of combined cell type and hybrid cell type) 


Mimics of squamous cell carcinoma (malignant melanoma) 


present discussion, is the potential for these tumors to 
contain areas (either as major or minor components) 
of cells with an abundance of eosinophilic cytoplasm 
— a finding that corresponds either to true keratin- 
ization (squamous change) or to a mimic keratiniza- 
tion (pseudosquamous change). In general, neuroen- 
docrine neoplasms constitute a morphologically het- 
erogeneous group of lesions that can be conveniently 
divided into two main groups: those of epithelial 
origin (typical carcinoid tumor, atypical carcinoid 
tumor, small cell neuroendocrine carcinoma) and 
those of neural derivation (paraganglioma). The com- 
bined small cell neuroendocrine carcinomas are neo- 
plasms in which there is a defined component of 
small cell carcinoma (oat cell or intermediate type) 
together with squamous cell carcinoma (Fig 7) and/ 
or adenocarcinoma. Atypical carcinoid tumor of the 
larynx and hypopharynx may be found adjacent to 
squamous cell carcinoma.2^:5? Dual neuroendocrine 
and epithelial differentiation may therefore occur in 
both organs. Immunohistochemistry is very impor- 
tant in the differential diagnosis vis-à-vis squamous 
cell carcinoma and neuroendocrine carcinoma of the 
larynx. Small cell neuroendocrine carcinoma of the 
larynx may reveal asquamous component, both in the 
combined cell type and in the hybrid cell type (a rare 
neoplasm that shows simultaneous evidence of squa- 
mous, glandular, neuroendocrine, and sometimes sar- 
comatous differentiation). Its distinction from squa- 
mous cell carcinoma of the usual type is facilitated by 
immunohistochemical and ultrastructural investiga- 
tions. Treatment with chemotherapy followed by 
radiotherapy is recommended for this highly malig- 


nant neuroendocrine neoplasm. It is important for 
clinicians and pathologists to be aware of the exist- 
ence of different types of neuroendocrine neoplasms 
of the larynx. These tumors indeed exhibit consider- 
able differences in clinical behavior, from the ex- 
tremely aggressive nature of small cell neuroendo- 
crine carcinomas to the indolent course of typical 
laryngeal carcinoids, or the primarily benign behav- 
ior of paraganglioma; as a consequence of this, these 
individual tumor types demand that the attending 
clinicians devise different strategies tailored to the 
individual oncotype.25-5 


OTHER TUMORS 


Laryngeal malignant melanomas are among the 
tumor types that may show a pseudosquamous ap- 
pearance, although neither keratinization nor inter- 
cellular bridges are found in melanomas.* It is in 
light of the existence of such mimics of conventional 
squamous cell carcinomas that the prudent surgical 
pathologist approaches a presumptive diagnosis of 
squamous cell carcinoma with a modicum of skepti- 
cism, wondering whether the lesion might actually 
represent a variant of squamous cell carcinoma of the 
usual type, or even a nonepithelial tumor masque- 
rading as a carcinoma (see Table). 


CONCLUSIONS 


As is well known, a laryngeal biopsy may serve a 
multitude of purposes: the biopsy provides an initial 
diagnosis, of course, but it also may be factored into 
plans that are being made with regard to subsequent 
staging, treatment, and prognosis. The biopsy may 
take several forms, ranging from fine needle aspira- 
tion biopsy, to excision of a small intact tissue frag- 
ment with the aid of a cup forceps, to a complete 
resection of the lesion with clear margins (excisional 
biopsy). With only limited material for pathologic 
study, precise subclassification of a particular lesion 
may beimpossible (or erroneous), and repeated biop- 
sies may be needed. It is hoped that the foregoing 
discussion of several of the histologic subtypes and 
mimics of "ordinary" squamous cell carcinoma will 
provide a context in which decisions about the selec- 
tion of a biopsy technique, the need for repeat biopsy, 
and the relevance of ancillary testing (as, for ex- 
ample, immunohistochemistry) can be intelligently 
made. | 
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. VERTICAL PARTIAL LARYNGECTOMY WITHOUT TRACHEOTOMY: 
THE USE OF THE COOK AIRWAY EXCHANGE CATHETER TO 
AVOID TRACHEOTOMY 


DALE H. RICE, MD 
LOS ANGELES, CALIFORNIA 


Occasionally, advances in another specialty provide the opportunity for an advance in otolaryngology-head and neck surgery. One 
example is the Cook airway exchange catheter. In very selected cases, the use of this exchange catheter will allow the performance of 


vertical partial laryngectomy without the need for tracheotomy. 


KEY WORDS — Cook airway exchange catheter, tracheotomy, vertical partial laryngectomy. 


INTRODUCTION 


This is not for every patient, this is not for every 
surgeon, and this is not for every hospital. Tradition- 
ally, a vertical partial laryngectomy is performed in 
conjunction with a tracheotomy to provide an airway 
in the postoperative period. In the usual vertical 
partial laryngectomy, the resected hemilarynx is re- 
constructed with either a unipedicled or bipedicled 
muscle flap or with a mucosal flap and free fat graft. 
In either case, it is generally recommended that 
overcorrection be done to allow for future shrinkage. 
This overcorrection results in an inadequate airway 
that persists until edema and shrinkage have had time 
to occur. 


A subgroup of vertical partial laryngectomy, the 
imbrication laryngectomy, as first described by Pleet 


et al,! is performed in such a way that there is much 
less edema and little or no overcorrection. This sub- 
group is amenable to this technique. 


The Cook airway exchange catheter was devised 
to allow a change from one endotracheal tube to 
another without the necessity of performing a lar- 
yngoscopy to visualize the larynx. 


The Cook airway exchange catheter is a rather stiff 
but flexible tube that is hollow, with multiple perfo- 
rations at one end and a removable universal adapter 
at the other end. It comes in a variety of sizes for all 
ages. If one wishes to change the endotracheal tube in 
an intubated patient, this exchange allows it to be 
done in any setting without the necessity of laryn- 
goscopy or visualizing the larynx. First, an exchange 
catheter of appropriate size is passed through the en- 





A B 


Fig 1. Technique. A) Cook airway exchange catheter is inserted through endotracheal tube. B) Endotracheal tube is removed, 
leaving Cook airway exchange catheter in place. C) New endotracheal tube is advanced over Cook airway exchange catheter until 
properly placed. 


C 
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Fig 2. Cook airway exchange catheter. A) Catheter passing through endotracheal tube. B) Adapter at end of catheter. 


dotracheal tube in the patient until it is in the trachea 
(Fig 1A). If necessary, the patient can be ventilated 
through the exchange catheter by means of the uni- 
versal adapter. Once the replacement tube is avail- 
able, the universal adapter is removed. The indwelling 
endotracheal tube can then be removed over the ex- 
change catheter (Fig 1B) with the catheter left in the 
trachea. The replacement tube is then passed blindly 
over the exchange catheter until it is properly posi- 
tioned (Fig 1C). The exchange catheter is then re- 
moved. 


TECHNIQUE 


This technique is used only in patients undergoing 
imbrication vertical laryngectomy. The patient is 
anesthetized and then intubated nasotracheally with 
the smallest tube compatible with successful ventila- 
tion, usually a 6.5-mm tube. The imbrication laryn- 
gectomy is performed in the standard fashion,” and 
the patient is left intubated. 


On the morning of the third postoperative day, a 
small Cook airway exchange catheter (Fig 2) is 
inserted through the nasotracheal tube into the tra- 
chea, and the nasotracheal tube is backed out of the 
larynx into the hypopharynx, while the exchange 
catheter is left in the trachea. The patient is then 
allowed to breathe normally and monitored carefully. 


Thus, the patient is breathing normally while the 
nasotracheal tube sits in the pharynx above the lar- 
ynx. The Cook airway exchange catheter passes 
through the endotracheal tube into the trachea. A 
small pediatric-sized exchange catheter is used for 
two reasons. First, only a small exchange catheter can 
successfully negotiate the bends in a nasotracheal 
tube. Second, a small catheter gives the patient more 
room around it to breathe. Moreover, if desired, cool, 
humidified air can be delivered through the catheter 
by connecting it to the universal adapter. With the 


catheter in place in the trachea, should the patient 
develop any airway compromise, the nasotracheal 
tube could be advanced blindly back into the trachea. 


In no instance to date has a patient needed re- 
intubation. The endotracheal tube is left in the hypo- 
pharynx with the exchange catheter still in the trachea 
for 24 hours while the patient is observed. At the end 
of this time, the nasotracheal tube and the Cook 
airway exchange catheter are removed together, and 
the patient is started on a clear liquid diet. During this 
time the patient can be managed in any unit of the 
hospital capable of caring for a nasotracheal tube. I 
have not compared the cost of 3 days of nasotracheal 
intubation to the costs in operating time, equipment, 
and care of a tracheotomy, but expect it would be 
similar. 


RESULTS 


To date, this technique has been used on six care- 
fully selected imbrication laryngectomy patients. In 
no instance has a patient needed to be reintubated or 
had any other respiratory or swallowing problem. In 
all cases, the patient has been discharged by the sixth 
postoperative day, eating a normal diet, with a satis- 
factory airway. 


CONCLUSION 


In carefully selected patients who are to undergo 
an imbrication laryngectomy, the procedure may be 
performed without performing a tracheotomy, by 
using the above-described technique. A combination 
of nasotracheal intubation and the careful use of the 
Cook airway exchange catheter allows the patient to 
be maintained on nasotracheal intubation for 48 hours 
postoperative and then extubated in a manner that is 
quite safe and that would allow ready reintubation 
without laryngoscopy and without significant trauma, 
should the need arise. In this small series, no patient 
has needed reintubation, and all have done well. 
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GROWTH FACTORS IN SUBGLOTTIC STENOSIS 


KENNETH A. SCIOSCIA, MD 
PITTSBURGH, PENNSYLVANIA 
FREDERICK MILLER, MD 
STONY BROOK, NEW YORK 


MAX M. APRIL, MD 
NEW YORK, NEW YORK 
BARRY L. GRUBER, MD 
STONY BROOK, NEW YORK 


We sought to define the role of fibrogenic peptidesin subglottic stenosis (SGS). Biopsy specimens were obtained from patients with 
stenosis following endotracheal intubation (group 1, n= 5, mean age 5), patients without a history of any precedent trauma, ie, idiopathic 
stenosis (group 2, n = 3, mean age 40), and those without stenosis (group 3, n = 3, mean age 70). Formalin-fixed biopsy specimens were 
analyzed following immunohistochemical staining to determine if epidermal growth factor (EGF), platelet-derived growth factor-AA 
and -BB (PDGF-AA/BB), transforming growth factor~3 1 and - 82 (TGF-Q1, 2), or basic fibroblast growth factor (bFGF) was deposited 
in these tissues. Blinded analysis revealed TGF-B2 and >DGF-AA to be present in seven of eight biopsy specimens from SGS and absent 
in controls. Staining for PDGF-BB was observed in :he mucosa and submucosa and occasionally within vessel walls. Staining of 
individual growth factors appeared to correlate closely with the presence of granulation tissue. Essentially no bFGF or TGF-B1 was 
observed. Differences were found between patients in groups 1 and 2; tissue from group 1 revealed deposition of EGF and PDGF-BB 
in submucosa, epithelium, and vasculature. In summary, our experimental findings implicate PDGF and TGF-B2, perhaps acting in 
concert, in mediating the pathologic fibrotic process observed in subglottic stenosis. Epidermal growth factor, in conjunction with TGF- 


P and PDGF, may also have a role, but further investigation is needed to more precisely define it. 
KEY WORDS — fibrogenic peptide, growth factor, subglottic stenosis. 


INTRODUCTION 


Subglottic stenosis (SGS) remains a challenging, 
complex clinical problem, the cause of waich is 
poorly understood. In the early to middle part of this 
century, SGS was frequently a sequela of infection or 
trauma. Morerecently, endotracheal intubation, while 
providing requisite respiratory support, has precipi- 
tated many cases of acquired laryngotracheal stenosis. 
The reported incidence of SGS following endotra- 
cheal intubation is 1% to 9%,! although confound- 
ing variables such as endotracheal tube size, duration 
of intubation, and the number of reintubations may 
significantly influence the true incidence.? In addi- 
tion, some children are born with a narrowed subglot- 
tic lumen (congenital SGS), and rarely, patients may 
develop stenoses without prior airway manipulation 
(idiopathic SGS).4 In each of these situaticns the 
pathologic findings are identical, with evidence of 
abundant extracellular matrix deposition distorting 
the normal architecture. 


In the past several years, the regulation of growth 
factors in abnormal tissue repair processes has come 
under intense investigation.? This has resultec in the 
accumulation of a large body of information, but to 
date, we are unaware of any reports implicating these 
factors in the pathogenesis of upper airway stenoses. 
Growth factors are polypeptides that induce the pro- 


liferation, differentiation, and synthetic activity of a 
variety of cells. We chose to study several well- 
characterized growth factors that appear relevant to 
tissue reparative processes, including epidermal 
growth factor (EGF), platelet-derived growth factor 
(PDGF), transforming growth factor- (TGF-B), and 
basic fibroblast growth factor (DFGF). Utilizing im- 
munohistochemical staining, we provide evidence 
indicating that specific peptides are deposited in 
postintubation airway stenosis or idiopathic SGS. 
Similar staining patterns were observed regardless of 
the underlying cause, suggesting common patho- 
genic pathways. This is the first report to our knowl- 
edge that implicates growth factors in the evolution 
of SGS, and provides a mechanistic framework to 
guide future treatment strategies. 


METHODS 
TISSUE SPECIMENS 


Subglottic biopsies of clinically active sites were 
obtained from three groups of subjects. Group 1 
consisted of five patients with various degrees of 
acquired stenosis associated with a history of previ- 
ous intubation, and group 2 consisted of three patients 
without a history of any precedent trauma (idiopathic 
stenosis). The clinical information concerning these 
patients is summarized in Table 1. Each biopsy 
specimen was obtained under general anesthesia at 
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TABLE 1. PATIENT CLINICAL PRESENTATIONS 


See ————— SSE —S—=_"_-—=~om+ 


Patient 
No. Age Sex Clinical Description 
Group 1 

1 8 M Stenosis after intubation for head injury 
with 90% lumen obliterated (no laser) 

2 2: -F 26-week premature infant intubated for 
2 months with 80% lumen obliterated 
(no laser) 

3 9 M ] year status post burn injury and intuba- 


tion with 60% lumen obliterated (no laser) 
4 15 F 24-week premature infant with tracheal 
stenosis with 90% lumen obliterated 
(multiple laser procedures) 
5 6 F 4-year history of stenosis after caustic 
ingestion and intubation, 7096 lumen 
obliterated (2 laser procedures) 


Group 2 
6 36 F Status post multiple laser procedures 
(50% lumen obliterated) 
7 38 F Status post multiple laser procedures 
(50% lumen obliterated) 
8 46 F Status post multiple laser procedures 
(50% lumen obliterated) 
Group 3 


9 75 M Postmortem, no history of airway disease 
10 75 M Postmortem, no history of airway disease 


11 60 M Postmortem, no history of airway disease 


SGS — subglottic stenosis. 


the time of surgical intervention. Group 3 consisted 
of macroscopically normal subglottic mucosal tissue 
from three randomly selected postmortem cases for 
comparison with the patient samples. The biopsy 
specimen was taken at the level of the first tracheal 
ring. These individuals did not have a history of either 
intubation or barotrauma. 


ANTISERA 


The primary antibodies were affinity-purified 
monoclonal (bFGF and EGF) or polyclonal antibod- 
ies (TGF-B1, TGF-D2). They were obtained from 
Research and Development Systems (Minneapolis, 
Minn; TGF-p1, TGF-B2, and BFGF), Genzyme Cor- 
poration (Boston, Mass; PDGF-AA and PDGF-BB), 
or Oncogene Science (Manhasset, NY; EGF). 


STAINING PROCEDURE 


Sections (5 um) from formalin-fixed, paraffin- 
embedded blocks were then floated in a 45°C water 
bath, placed onto Sobo-coated slides (Sobo glue, 
Slomons, Newark, NJ), warmed until dry, and then 
placed into a 58°C dry oven for 1 hour. 


The tissue sections were deparaffinized and hy- 
drated by standard histologic methods. The sections 


Pathologic Description Diagnosis 
Immature granulation tissue, mini- Secondary SGS 
mal fibrosis 


Mature granulation tissue with scar Secondary SGS 
formation and extensive fibrosis 


Avascular fibrotic tissue with ex- Secondary SGS 
tensive fibrosis 


Immature granulation tissue, mild Secondary SGS 


fibrosis 

Immature granulation tissue, mini- Secondary SGS 
mal fibrosis 

Moderate fibrosis, with focus of Idiopathic SGS 
acute and chronic inflammation 

Moderate fibrosis Idiopathic SGS 
Maturing pranulation tissue, mild Idiopathic SGS 
fibrosis 

Normal subglottic mucosa, no Control tissue 
significant fibrosis 

Normal subglottic mucosa, no Control tissue 
significant fibrosis 

Normal subglottic mucosa, no Control tissue 
significant fibrosis 


were treated in 3% hydrogen peroxide in water for 20 
minutes to quench endogenous peroxidase activity. 
The slides were then briefly rinsed repeatedly in phos- 
phate-buffered saline (PBS) pH 7.2 (Difco Laborato- 
ries, Detroit, Mich) atroom temperature. Immunohis- 
tochemical staining was performed by a labeled avi- 
din-biotin technique employing diaminobenzidine as 
a substrate. Sections were stained directly with pri- 
mary antisera for TGF-B2, PDGF-AA, and PDGF- 
BB without any prior enzymatic digestion techniques. 
To obtain the optimal stain for each of the growth 
factors in formalin-fixed tissue, a variety of enzymes 
were employed under different conditions to digest 
the tissue and expose the antigenic epitopes. To ex- 
pose the epitopes for the primary antibody, serial sec- 
tions were pretreated by digestion with 0.1% hya- 
luronidase for 30 minutes at 37°C. The exposure of 
TGF-B1 epitopes required treating the sections with 
hyaluronidase as above and then with 0.1% Pronase 
(Calbiochem, La Jolla, Calif) for 5 minutes at 37°C 
for maximal staining. The tissue staining for PDGF- 
AA and PDGF-BB was optimized by treatment with 
pepsin 0.1% for 30 minutes at 37°C. All of the sec- 
tions were treated with the appropriate blocking se- 
rum, blotted, and incubated overnight with various 


938 Scioscia et al, Growth Factors in Subglottic Stenosis 


TABLE 2. GROWTH FACTOR STAINING IN BIOPSY 
SPECIMENS OF SUBGLOTTIC STENOSIS 


Patient 
No. TGF-B2 EGF PDGF-AA PDGF-BB 
1 0 0 0 0 
2 E,V,S 0 S.E s,E,V 
3 S S S,e S,e,V 
4 E s,V E E,V 
5 S,e S,e S,e S 
6 S S s,E,v 0 
7 S 0 s,V 0 
8 S 0 s,e 0 
9 0 0 0 0 
10 0 0 0 0 
11 0 0 0 0 


No significant staining of TGF-B1 or bFGF was observed. 


Lowercase letters — mild staining (1 in text), uppercase letters — 
extensive staining (2 in text), 0 — no staining. (E,e — epithelium, 
V,v — vasculature, S,s — submucosa.) 


dilutions of primary antisera at 40°C. At room tem- 
perature the slides were rinsed in PBS for 5 minutes 
three times. After incubation with the appropriate 
biotinylated secondary antibody (Vector Laborato- 
ries, Burlingame, Calif) for 30 minutes, the slides 
were washed again in PBS as above. The slides were 
inoculated with streptavidin-peroxidase (Vector Labo- 
ratories) and washed as above. The specimens were 
reacted with 30% hydrogen peroxide in 0.5 mg/mL 
diaminobenzidine (Polysciences, Warrington, Pa) for 
12 minutes at room temperature. The slides were 
rinsed in running tap water for 10 minutes and coun- 
terstained for 1 minute with hematoxylin (Sigma, St 
Louis, Mo), dehydrated, and mounted. 


The slides were blindly analyzed by an experi- 
enced immunopathologist (F.M.) using a semiquan- 
titative scale depicting the degree of peroxidase stain- 
ing (0 = absent; 1 = mild; 2 = extensive). Adjacent 
serial sections from each biopsy sample were pre- 
pared by standard techniques with hematoxylin and 
eosin for routine histology and Masson’s trichrome 
stain to assess matrix deposition. The hematoxylin 
and eosin slides were evaluated separately for any 
inflammatory component and to depict the stage of 
the reparative process in each specimen. The tri- 
chrome-stained specimens were scored on the scale 
described above to monitor the degree of SGS present. 


RESULTS 
CLINICAL DATA 


The first five patients in group 1 studied in this 
series were intubated for various lengths of time 
ranging from 4 weeks to 5 months. Patients 6 through 
8 from group 2 had no history of intubation, but at the 
time of biopsy underwent laryngotracheal recon- 


struction after failure of endoscopic laser therapy. 
Samples 9 through 11 (group 3) were obtained, as 
controls, after these individuals died. A clinical sum- 
mary of patients from groups 1, 2, and 3 is shown in 
Table 1. 


MICROSCOPIC ANALYSIS 


The hematoxylin and eosin staining revealed re- 
gions of edema, angiogenesis, inflammation, and 
squamous metaplasia. The trichrome-stained sec- 
tions revealed considerable variation in the extent of 
fibrosis among cases (Table 1). We were unable to 
find a significant correlation between the extent of 
fibrosis and the deposition of any specific growth 
factor. 


IMMUNOHISTOCHEMICAL STAINING 


Extensive analysis comparing the various enzyme 
pretreatments resulted in the following conclusions, 
pertinent in obtaining optimal staining when utilizing 
formalin-fixed respiratory mucosal tissue. Slightly 
different processing techniques were deemed neces- 
sary for each growth factor of interest. Maximal 
staining for PDGF-AA and PDGF-BB requires pep- 
sin pretreatment, TGF-p staining requires pretreat- 
ment with hyaluronidase, and EGF staining is gen- 
erally not enhanced by any specific pretreatment. 


Staining patterns were examined for each growth 
factor deposited within the submucosa and within the 
epithelium when possible, and the vascular structures 
were separately analyzed for involvement. The re- 
sults for each are presented as follows. 


.Submucosa. The results of immunohistochemical 
staining for the presence and distribution of TGF-B2, 
EGF, PDGF-AA, and PDGF-BB after tissue diges- 
tion with hyaluronidase or pepsin are summarized in 
Table 2. Staining for bFGF and TGF-B1 following 
enzyme pretreatment was essentially negative and 
therefore not included in Table 2. Strong positive 
staining was found for TGF-D2, EGF, and PDGF- 
AA, when compared to normal respiratory submu- 
cosal tissue. The deposition of TGF-B2 was found in 
the same vicinity and to the same intensity as PDGF- 
AA, reflecting a high degree of correlation. Less 
prominent was the EGF staining, even under optimal 
conditions. PDGF-BB was detectable in group 1, but 
no staining was found in groups 2 and 3. Group 1 
could be distinguished by more extensive deposition 
of both PDGF-BB and EGF, more prominent in some 
cases than others. 


Vasculature. Theresults of the immunohistochemi- 
cal staining for presence and distribution of PDGF, 
EGF, bFGF, and TGF-f in the microvasculature are 
also shown in Table 2. Pretreatment of serial sections 
with different enzymes did not result in significant 
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differences. The vessels frequently stained positive 
for TGF-B2, PDGF, and EGF in a finely dispersed 
pattern, although consistent staining was not ob- 
served in either the acquired or idiopathic SGS sam- 
ples. We found PDGF-BB more commonly in group 
l than in group 2. Fibroblast growth factor was not 
demonstrable in any of these samples, despite its pu- 
tative role in angiogenesis. 


Epithelium. In comparing the diseased specimens 
with the normal architecture by means of routine 
hematoxylin and eosin staining, it was evident that 
the control epithelial tissue was composed of respira- 
tory epithelium while the patient biopsy samples in 
group 1 revealed squamous metaplasia. In group 2, 
none of the idiopathic stenoses were positive for epi- 
thelial staining. However, two thirds of these samples 
lacked squamous metaplasia. Four of the five postintu- 
bation samples (group 1) had multiple growth factors 
present (Table 2). The pattern of the staining how- 
ever, was not consistent throughout these samples, 
although PDGF was more prominent in group 1 than 
in group 2. 


Blindedindependent observers (F.M., B.L.G.) were 
in close agreement scoring the intensity of staining. 
Representative staining patterns forthe various growth 
factors are shown in the Figure. The Figure, A, dem- 
onstrates a patient (No. 5) with EGF distributed dif- 
fusely in the extracellular matrix of the subepidermal 
mucosal tissue, with essentially no staining within fi- 
broblasts or vascular structures. In comparison, an 
absence of staining was found in tissue treated with- 
out the primary antibody as a control for nonspecific 
background staining (see Figure, B). Most of the 
specimens demonstrated minimal staining for TGF- 
B1, whereas PDGF-AA deposition was generally 
quite striking throughout the matrix and within the 


fibroblasts (see Figure, C). The PDGF staining wasin. 


contrast to TGF-D2 staining, which was prominent 
throughout the matrix but barely detected within cy- 
toplasm of fibroblasts by the techniques employed 
(see Figure, D). The vasculature was strongly stained 
by antibody to PDGF-BB, as observed in tissue from 
patient 4 (see Figure, E), with mild staining through- 
out the matrix. Of interest, it appeared that the stain- 
ing of PDGF-BB within the vasculature spared the 
luminal endothelium and stained the vascular walls 
more prominently (see Figure, E). 


DISCUSSION 


Subglottic stenosis can be characterized by the 
development of excessive scarring following an iden- 
tifiable tissue insult such as prolonged intubation or, 
less commonly, without any precedent event, as in 
idiopathic SGS.^ The precise pathogenesis of this 


disease and other fibrosing disorders remains un- 
known. However, recent studies have emphasized 
the role of peptide growth factors in numerous other 
fibrotic diseases, eg, systemic sclerosis, pulmonary 
fibrosis, hepatic cirrhosis, and nephrosclerosis.>-7 
Hence, we performed a retrospective analysis using 
formalin-fixed tissue biopsies to determine if growth 
factors are involved in the development of SGS. We 
studied growth factors from four different families, 
as represented by EGF, PDGF, TGF-B, and bFGF. 


Our study demonstrated that these growth factors 
are prevalent in tissue from patients with evolving 
SGS, possibly implicating a role in the pathogenesis. 
In particular, staining for TGF-B2 and PDGF-AA 
was found in seven of eight biopsy samples, while it 
was absent in the healthy controls. Staining for PDGF- 
BB was observed within the mucosa (three of eight 
samples), within the submucosa, and occasionally 
within vessel walls (two ofeight samples). Epidermal 
growth factor and PDGF-BB were found in associa- 
tion with the combination of TGF-B2 and PDGF-AA 
in the submucosa where fibrosis was noted on the 
trichrome stain. Group differences were noted, in that 
group 1 appeared to have more extensive deposition 
of EGF and PDGF-BB as compared to the other 
groups. No staining of TGF-B1 or bFGF was ob- 
served in any patients. 


The staining of individual growth factors appeared 
to correlate most closely with the presence of granu- 
lation tissue. For example, patient 5 had minimal fi- 
brosis observed on the biopsy, but had an abundance 
of growth factors at an early stage in the formation of 
the granulation tissue. Patient 5 subsequently dem- 
onstrated clinical evidence to suggest the maturation 
of a progressive scarring process involving the air- 
way. This eventually necessitated carbon dioxide la- 
ser excision for respiratory compromise. Patients 3 
and 4 showed extensive fibrosis but scant staining for 
the presence of TGF-B and PDGF. As the narrowing 
process matures, it appears that growth factor signals 
decrease as an avascular fibrotic tissue replaces the 
normal architecture. 


Platelet-derived growth factor is a highly cationic 
30 kd protein composed of two subunits A and B, 
linked by disulfide bonds. It exists in three dimeric 
isoforms: AB, BB, or AA heterodimer or homodimer. 
Initially isolated from platelet alpha-granules, but 
also secreted by smooth muscle cells, endothelial 
cells, fibroblasts, and activated macrophages, PDGF 
activates the proto-oncogene, c-myc,? which is capa- 
ble of initiating early genetic events leading to DNA 
replication and cell division and enhances collagen 
synthesis. Epidermal growth factor is a 60 kd 
polypeptide that is normally found in salivary glands, 
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Immunohistochemical staining. A) 
(Patient 5) Staining for epidermal 
growth factor in patient with posttrau- 
matic stenosis (original x25). It is 
found distributed extensively in ex- 
tracellular matrix of submucosal tis- 
sue. Minimal staining is seen within 
cytoplasm of fibroblasts or vascular 
structures. B) (Patient 4) Staining of 
tissue section from subject with fi- 
brotic changes in submucosa and squa- 
mous metaplasia (original x25). This 
section of subglottic stenosis is stained 
as control in absence of primary anti- 
sera. No immunostaining is seen. C) 
(Patient 5) Immunohistochemical 
staining for platelet-derived growth 
factor-AA from tracheal section 
(original x40). Diffuse staining of 
extracellular matrix and within fibro- 
blasts is present. Note lack of staining 
in endothelium of vessels and cyto- 
plasmic staining in basal layer of epi- 
thelium. (Continued on next page.) 
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(Continued) D) (Patient 5) Prominent 
immunohistochemical staining for 
transforming growth factor-B2 within 
extracellular matrix (original x25). 
Vasculature structures are not stained, 
and fibroblasts reveal minimal stain- 
ing. E) (Patient 4) Prominent staining 
for platelet-derived growth factor-BB 
in tracheal section (original x40). 
There was abundant granulation tis- 
sue present. This section shows mild 
matrix staining but significant stain- 
ing of vasculature structures. 


Brunner's glands, and the pancreas.!! It acts on target 
cells via high-affinity cell surface receptors to stimu- 
late protein tyrosine kinase, altering gene expression 
and inducing cell growth and differentiation while 
assisting wound and ulcer healing.!?:!3 Basic FGF is 
a member of a family of heparin-binding growth 
factors capable of stimulating angiogenesis as well 
as augmenting proliferation of connective tissue 
cells.!^ Transforming growth factor-B is known to 
exist in different isoforms, and its biologic activities 
are extraordinarily complex.1?:16 It plays a major role 
in stimulating extracellular matrix formation by up- 
regulating gene transcription of matrix proteins and 
protease inhibitors, while down-regulating collage- 
nolytic enzymes.!? Biologic effects include chemo- 
tactic activity on fibroblasts, monocytes, and neutro- 
phils. Mitogenic activity is in part due to a paracrine 





induction of PDGF leading to fibroblast prolifera- 
tion.!8 Subcutaneous injection of TGF-f predictably 
leads to rapid induction of scar tissue!? and hence 
may serve to mediate a number of fibrotic clinical 
problems. 


Both TGF-B1 and TGF-p2 isoforms have been 
implicated in the pathogenesis of fibrosing diseases. 
In experimentally induced fibrosis, the expression of 
TGF-B1 mRNA correlates with excessive matrix 
deposition.? In humans with scarring chronic liver 
disease, elevated TGF-B1 mRNA in biopsies paral- 
lels mRNA production for type I procollagen and 
correlates directly with the serum levels of type III 
collagen amino terminal propeptide fragment.?! None- 
theless, similar to our findings, studies have shown 
that TGF-D2 is found preferentially in fibrotic pro- 
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cesses such as systemic sclerosis and proliferative 
vitreoretinopathy.2223 We found essentially no TGF- 
P1 staining, while TGF-B2 was prominent in all the 
idiopathic biopsy samples and four of the five post- 
intubation biopsy samples. That TGF-D2 was con- 
comitantly expressed in the submucosa with PDGF 
suggests that PDGF and TGF-82 may act in concert 
to promote fibroplasia and excessive extracellular 
matrix deposition, characteristic of SGS. Also, TGF- 
B2 and PDGF have been co-localized in studies of 
cutaneous fibrosis occurring in patients with eosino- 
philia-myalgia syndrome” and scleroderma.?5 


A significant correlation between the severity of 
fibrosis and the extent of either PDGF or TGF-p2 
deposition could not be demonstrated in our analysis. 
This may berelated to therelatively small numbers of 
patient specimens available for study. Also, wide 
variation in the extent of fibrosis observed among the 
biopsies further complicated our analysis. We attrib- 
uted this wide variation in fibrosis mostly to differ- 
ences in the timing of obtaining the sample during 
this dynamic disease process. 





Insummary, our study has demonstrated fibrogenic 
growth factors deposited within upper airway tissues 
of patients with SGS: in particular, TGF-B2 and 
PDGF-AA, and to a lesser extent, EGF and PDGF- 
BB. Some differences were noted between the idio- 
pathic and the secondary forms of SGS, in particular 
with PDGF-BB and EGF staining. This may suggest 
that different pathogenic mechanisms are operative, 
although more studies are required to confirm this 
observation. Ideally, the control tissue for group 1 
should derive from infants exposed to intubation but 
without clinical sequelae. This was not available to 
us, and thus, we utilized tissue from random postmor- 
tem cases. 


Our experimental findings and an analysis of the 
literature lead us to propose that the presence of 
PDGF and TGF-B2 (and possibly EGF) may act in 
concert to produce this pathologic fibrotic process 
(SGS). The correlation of the growth factors with the 
presence of granulation tissue demonstrates their 
possible action as catalysts in the dynamic process of 
airway stenosis. 
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The Copenhagen Otitis Media Conference — Third Extraordinary International Symposium on Recent Advances in Otitis Media 
will be held in Copenhagen, Denmark, June 1-5, 1997. For more information, contact Copenhagen Otitis Media Conference, Secretariat, 
ENT Department, Gentofte University Hospital, DK-2900 Hellerup, Denmark; telephone +45 3977 3833; fax +45 3977 7634. 
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INNER EAR MEDICINE AND SURGERY 


The Sixth Symposium and Workshops on Inner Ear Medicine and Surgery, combined with the Prosper Meniere Society Annual 
Winter Meeting, will be held in Aspen/Snowmass, Colorado, March 22-29, 1997. For further information, contact Prosper Meniere 
Society, c/o Jane Wells, Meeting Coordinator, 300 E Hampden Ave, Suite 401, Englewood, CO 80110; telephone (303) 788-4235; fax 
(303) 788-4234. 
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TRACHEAL RESECTION WITH END-TO-END ANASTOMOSIS FOR 
ISOLATED POSTINTUBATION CERVICAL TRACHEA STENOSIS: 
LONG-TERM RESULTS 
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A 20-year experience with end-to-end tracheal resection and anastomosis for isolated postintubation stenosis of the cervical trachea, 
in a consecutive series of 32 adult patients, has been reviewed. Surgical death was never encountered. The overall incidences for 
superficial wound infection, pneumonia, and inferior left laryngeal nerve paralysis were 6.2%, 3.1%, and 3.1%, respectively. One-, 3- 
and 5-year actuarial anastomosis success rates were 96.7%, 93.3%, and 93.3%, respectively. Successful revision tracheal end-to-end 
anastomosis was performed once, resulting in an overall 96.9% success rate in our series. None of the following variables — sex, age, 
cause for intubation, intubation type (laryngotracheal and/or tracheotomy) and duration, delay from initial injury, presence of an open 
stoma, number of tracheal rings resected, and type of sutures used — were statistically related to the anastomosis success rate or the 


incidence of complications. 


KEY WORDS — anastomosis, intubation, stenosis, trachea. 


INTRODUCTION 


Prolonged ventilation and advances in critical care 
medicine, cardiopulmonary surgery, and neurosurgery 
have resulted in an increased number of intubation- 
related laryngotracheal injuries.!? Within the tra- 
chea, trauma at the tracheotomy site or the cuff or the 
tip ofthe ventilation tube might result in granulation 
tissue formation.? Keane et al,^ in a review article on 
complications of intubation, noted that the same fac- 
tors that influence the incidence and severity of la- 
ryngeal complications (size of the tube, duration of 
intubation, intubation trauma, movement of the tube 
within the trachea, chemical composition of the cuff 
and tube, and cuff pressure in excess of 30 mm Hg) 
also act within the trachea. Following the onset of 
granuloma at the injury site, the reparative process 
may lead to the formation of fibrous tissue with a 
compromised airway. 


Curative options for isolated postintubation stenosis 
ofthe cervical trachea varied from repeated dilations, 
laser vaporization, excision of stenosis, and stenting 
with various interposition grafts to tracheal resection 
with primary anastomosis.2?-7 Various reports un- 
derscore the value of tracheal resection with end-to- 
end anastomosis for postintubation cervical trachea 
stenosis.55-19 However, to our knowledge, ro report 
has specifically analyzed the long-term results of 
tracheal end-to-end anastomosis for isolated postin- 
tubation stenosis of the cervical trachea. 


This retrospective study was designed in an at- 


tempt to assess the long-term results of circumferen- 
tial resection with end-to-end tracheal anastomosis 
for isolated postintubation stenosis of the cervical 
trachea. Causes for stenosis are presented. This study 
focuses on anastomosis success rate, morbidity, and 
postoperative course. The cervical trachea end-to- 
end anastomosis success rate was analyzed with the 
Kaplan-Meier!! life-table method. Furthermore, the 
following independent variables — sex, age, cause 
for intubation, intubation type (laryngotracheal and/ 
or tracheotomy) and duration, delay from initial in- 
jury, presence of an open stoma, number of tracheal 
ringsresected, and type of sutures used — weretested 
for potential correlation with the incidence of com- 
plications and the success rate of end-to-end cervical 
trachea anastomosis. 


MATERIALS AND METHODS 


From 1970 to 1990, 263 adults patients with in- 
tubation-related laryngotracheal injury were consec- 
utively managed at our department. A retrospective 
analysis of the medical charts revealed that a circum- 
ferential resection with end-to-end anastomosis for 
an isolated postintubation stenosis of the cervical 
trachea was performed in 12.196 (32/263) of cases. 
The patient population comprised 13 women and 19 
men with ages ranging from 15 to 71 years (mean 37 
years). Patients who underwent cricotracheal anasto- 
mosis, required a sternotomy for resection of a cer- 
vicomediastinal tracheal stenosis, and/or presented 
with associated intubation-related laryngeal injury, 
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INTUBATION PARAMETERS (CAUSE, DURATION, 
DELAY) AND TREATMENT PERFORMED PRIOR TO 


TRACHEAL ANASTOMOSIS 
Cause of intubation 
Coma (barbiturate) 10 (31.2%) 
Coma (trauma) 4 (12.5%) 
Coma (trauma and neurosurgery) 2 (6.3%) 
Polytraumatic surgery 6 (18.8%) 
General surgery 3 (9.4%) 
Heart surgery 2 (6.3%) 
Tetanus 2 (6.3%) 
Quincke’s edema 1 (3.1%) 
Guillain-Barré syndrome 1 (3.1%) 
Vascular cerebral injury 1 (3.1%) 
Intubation duration (d) 
Endotracheal intubation 
Range ' 2-30 
Mean 8 
Tracheotomy 
Range 2-960 
Mean 80 
Delay from initial intubation (mo) 
Range 2-60 
Mean 11 
Prior treatments 
Multiple dilations 20 (62.5%) 
Oral steroids 10 (31.3%) 
Laser vaporization 2 (6.3%) 
Montgomery T-Tube insertion 1 (3.1%) 
No prior treatment 12 (37.5%) 


were excluded from the present study. 


The cause and duration for intubation, the delay 
from initial intubation, and the prior treatment per- 
formed are presented in the Table. Laryngotracheal 
intubation with subsequent tracheotomy was noted in 
12 patients. Isolated laryngotracheal intubation and 
isolated tracheotomy were noted in 15 and 5 patients, 
respectively. 


None of the patients within this series presented 
with preoperative aspiration and/or tracheoesophageal 
fistula. Six patients had an open stoma. Neurologic 
impairment from central nervous system damage 
included hemiplegia and Wernicke (receptive) apha- 
sia in 2 patients and 1 patient, respectively. One pa- 
tient presented with unilateral inferior laryngeal nerve 
paralysis. 

The preoperative workup included indirect laryn- 
goscopy, tracheobronchoscopy, and laryngotracheal 
tomography or computed tomography. Tracheal 
stenosis was staged as stage 2 (scarring with some 
inflammatory process) and stage 3 (complete mature 
stenosis) in 10 and 22 patients, respectively. The 
tracheal stenosis was complete in 2 patients. A 50% 
to 9096 reduction in the internal diameter was noted 





Number of Tracheal Rings Resected 


Fig 1. Number of tracheal rings resected (box-plot dia- 
gram). Data are from operative file and pathologist report. 


in 23 patients. In the remaining 7 patients the internal 
tracheal diameter was reduced by more than 90%. 


Five surgeons were in charge of the patients. Twen- 
ty-five patients (78%) were operated on by one of us 
(H.L.). Anesthesia management with the use of high- 
frequency jet ventilation, similar to that of other 
reports,®8 will not be described. Once the neck was 
maximally extended and the subplatysma flap was 
elevated, a blunt dissection between the sternohyoid 
muscles and the sternothyroid-thyrohyoid muscles 
was performed bilaterally. The strap muscles were 
then retracted laterally and the trachea was exposed 
in the midline. The thyroid isthmus was transected. 
Anterior and lateral pretracheal cervical and medias- 
tinal blunt dissection with mobilization down to the 
carina was always performed. The stenotic area was 
identified and resected with a dissection close to the 
tracheal wall. No attempt was made at identifying the 
inferior laryngeal nerves. The circumferential seg- 
ment of trachea resected varied from 1 to 7 tracheal 
rings (4 or 5 rings on average, Fig 1). The preexisting 
stoma was resected with the stenotic tracheal seg- 
ment (3 patients) or just closed in a simple manner (3 
patients). The upper tracheal ring used for tracheal 
anastomosis completion was the 3rd on average (range, 
lst through 9th). The lower tracheal ring used for 
tracheal anastomosis completion was the 9th on av- 
erage (range, 4th through 14th). The tracheal anas- 
tomosis was performed with polyglactin (Vicryl 30) 
sutures and polyester fiber (Tevdek 30) sutures in 20 
and 12 patients, respectively. Sutures were always set 
submucosally through healthy mucosa without granu- 
loma or infection. Neck flexion was always per- 
formed and the sutures were placed by starting from 
the posterior midline and moving laterally on both 
sides.58 The anastomosis was then completed ante- 
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Tracheal-Anastomosis Success Rate 


0.0060 
2 3 4 5 


Time Elapsed from Tracheal-Anastomosis in Year 
Fig 2. Actuarial anastomotic success rate (Kaplan-Meier 
actuarial method). Discs — patients presenting restenosis 
after tracheal anastomosis; open-ended squares — pa- 


tients without restenosis who were either dead or .ost to 
follow-up at time of latest follow-up. 


riorly. Aninfrahyoid laryngeal release maneuver was 
used in 1 patient. No other maneuvers to recuce the 
tension at the level of the anastomosis line were used 
in this series. A suction tube was inserted into the 
wound. The strap muscles were closed on the mid- 
line. The skin incision was closed in two layers. 
Closed suction drainage was used for 48 hours. 


A control tracheoscopy under general anesthesia 
was performed by the end of the first postoperative 
month. Morbidity and tracheal anastomosis success 
rate were assessed clinically. The tracheal anastomo- 
sis was considered as successful if the patient was 
asymptomatic with office flexible tracheoscopy dem- 
onstrating a patent airway. 


A minimum 2-, 3-, and 5-year follow-up was 
available in 100%, 87.5% (28/32), and 78.1% (25/32) 
of patients, respectively. Three patients living out- 
side France were lost to follow-up by the end of the 
second postoperative year. A monitoring program 
was applied for all patients from the date of treatment 
until death for those who died. An IBM PC ccmputer 
with PCSM (Programme Conversationnel de Statis- 
tique pour les Sciences et le Marketing, Deltasoft 
Company, Meynan, France) software was vsed for 
storing and calculating statistical data. The tracheal 
anastomosis successrate was analyzed by the Kaplan- 
Meier life table method.!! The parametric y? test and 
the nonparametric Mann-Whitney U test were also 
used in order to assess whether or not the following 
independent factors — sex, age, cause for intubation, 


intubation type (laryngotracheal and/or tracheotomy) 
and duration, delay from initial injury, presence of an 
open stoma, number of tracheal rings resected, and 
type of sutures used — influenced the incidence of 
complications or the tracheal anastomosis success 
rate. 


RESULTS 


At the termination of the procedure in the operat- 
ing room, all patients could ventilate freely. Rein- 
tubation was never performed. 


Postoperative complications included superficial 
wound infection, left inferior laryngeal nerve paraly- 
sis, pneumonia, and keloid scar in 2, 1, 1, and 2 
patients, respectively. Control tracheoscopy by the 
end of the first postoperative month revealed a granu- 
loma in 8 patients (25%). Seven of the 8 granulomas 
were successfully managed with endoscopic exci- 
sion at the time of control tracheoscopy and/or oral 
steroid treatment. None of the variables under analy- 
sis were statistically related to the type or incidence 
of postoperative complications or granuloma forma- 
tion. Oral intake was achieved in all patients by the 
second postoperative day. Postoperative dysphagia 
was not encountered. 


Figure 2 presents the actuarial anastomotic success 
rate for the entire group of patients. One-, 3-, and 5- 
year actuarial anastomotic success rates were 96.7%, 
93.395, and 93.396, respectively. Two patients in our 
series had a restenosis. None of the variables under 
analysis were statistically related to the incidence for 
restenosis. One patient developed immediate postop- 
erative extensive granulation tissue at the anastomo- 
sis site that required permanent placement of a Mont- 
gomery T-Tube. In the second patient, recurrence of 
dyspnea by the second postoperative year led to a 
successful revision tracheal resection with end-to- 
end tracheal anastomosis. An overall 96.9% (31/32) 
success rate was therefore achieved within this series. 


DISCUSSION 


In 1992, Anand et al? noted that despite improve- 
ments in intubation management, the incidence of 
tracheal stenosis was 0.696 to 2196 following trache- 
otomy and 6% to 21% after intubation. Endotracheal 
intubation followed by a subsequent tracheotomy has 
also been related to an increase in tracheal stenosis 
incidence and severity.2!5 . 


Treatment options for isolated postintubation ste- 
nosis of the cervical trachea have included an endo- 
scopic approach with repeated dilations and laser 
vaporization, excision of the stenosis with various 
interposition grafts and stenting, and tracheal resec- 
tion with primary anastomosis.%5-7 The success rate 
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for the endoscopic dilation and laser vaporization 
procedures was extremely reduced if the stenosis was 
circumferential, greater than 1 cm in vertical length, 
and without cartilaginous support.’ In our series, 
prior unsuccessful dilation and/or laser vaporization 
was noted in 68.7% of cases. Excision of stenosis 
with interposition techniques and stenting is mainly 
advocated for complex lesions involving the larynx 
and trachea.^ Interposition techniques were not used 
in our series, which represents a selected population 
without associated intubation-related laryngeal in- 
jury. Circumferential tracheal resection with end-to- 
end anastomosis remains the most widely advocated 
option for postintubation stenosis of the cervical tra- 
chea, as this procedure yields a 67.696 to 94.796 
success rate.5:8-10,14,15 Grillo,!0 in 1979, in the largest 
reported series, based on 216 patients, reported an 
overall 93% success rate with a 2% operative mortal- 
ity rate. 


Experimental data underscored that the primary 
requirement for the success of tracheal end-to-end 
anastomosis was the completion of a tension-free 
anastomosis line.!? According to Montgomery, !® ten- 
sion should not exceed 1,000 g at the suture line. 
Cantrell and Folse,!” in an animal study, reported that 
no stricture formation occurred if there was less than 
1,700 g of tension on the suture line. Numerous 
techniques (heavier sutures and sutures placed be- 
tween the rings superior and inferior to the anastomo- 
sis line, chin-to-chest suture), as well as release pro- 
cedures (suprahyoid laryngeal release, intercartilag- 
inous incisions, inferior constrictor release, release of 
the inferior pulmonary ligament, transection and 
reimplantation of the left main stem bronchus), have 
been advocated for gaining additional tracheal length 
at the time of tracheal anastomosis.!:3.5,6,16,18 Peskind 
et al$ recently advocated the routine use of a suprala- 
ryngeal release procedure (combined infrahyoid and 
suprahyoid) to decrease tension at the level of the 
anastomosis suture line. However, in their series, 
cinefluoroscopy documented that laryngeal release 
procedures fixed the larynx in a low position in the 
neck and prevented elevation during swallowing, 
thus producing postoperative dysphagia in all pa- 
tients. Biller and Munier? also reported that the 
combined infrahyoid and inferior constrictor release 
resulted in a 20% incidence of prolonged postopera- 
tive dysphagia. On the other hand, various reports 
have underscored that a tracheal defect of 2 cm or less 
can besuccessfully managed by primary anastomosis 
alone, withoutreleasetechniques.16:19:20 In our series, 
resection varied from 1 to 7 tracheal rings, resulting 
in a 1- to 3.5-cm length of cervical trachea resection, 
as there are approximately 2 tracheal rings per centi- 
meter.?! A laryngeal release procedure was used only 


once, and a 93.3% 5-year actuarial anastomotic suc- 
cess rate was achieved (Fig 2). Revision end-to-end 
tracheal resection was successfully performed once 
in our series, allowing for an overall 96.9% success 
rate. Our results suggested, therefore, that a tracheal 
defect of 3.5 cm or less can be successfully managed 
by primary anastomosis alone, without release tech- 
niques. Such data are in agreement with the cadaver 
study of Laccourreye and Bessede,”2 who noted that 
after resection of 3 to 6 tracheal rings, the intertracheal 
ring ligament elasticity allowed for tracheal end-to- 
end anastomosis without any adjunctive measures 
other than mediastinal tracheal dissection and wide 
blunt cervical dissection between the sternohyoid 
and thyrohyoid-sternothyroid muscles. Besides the 
completion of a tension-free anastomosis line, nu- 
merous reports also underscore the need to perform 
the sutures through a healthy mucosa.1^2? In our 
study, the sutures were always set through a healthy 
mucosa without granuloma and/or infection. Fur- 
thermore, none of the variables under analysis in our 
study — sex, age, cause for intubation, intubation 
type (laryngotracheal and/or tracheotomy) and dura- 
tion, delay from initial injury, presence of a stoma, 
number of tracheal rings resected, and type of sutures 
used — statistically influenced the success of end- 
to-end cervical trachea anastomosis. 


The timing of extubation after tracheal end-to-end 
anastomosis is controversial. Various authors advo- 
cate leaving the patient intubated for 24 to 48 hours 
to achieve an airtight suture before exposure to posi- 
tive intratracheal pressure.?:18 In our opinion, main- 
taining an endotracheal tube presents a risk of injury 
to the anastomosis or a different segment of the tra- 
chea. Therefore, in our department, extubation was 
always performed in the operating room. As in the 
report of Har-El et al, immediate extubation was 
always successfully performed in our series. Poten- 
tial complications after tracheal end-to-end anasto- 
mosis include airway obstruction, infection of the 
operated region and/or tracheal wall, innominate 
artery rupture, and dysphagia.9?^ Couraud et al 
reported a 3.3% incidence for perioperative death 
after end-to-end tracheal resection anastomosis among 
122 patients with tumoral or iatrogenic disease. None 
of these complications were noted in our series. 
Postoperative complications included superficial 
wound infection, left inferior laryngeal nerve paraly- 
Sis, and pneumonia in 2, 1, and 1 patients, respec- 
tively. The systematic completion of a tracheoscopy 
by the first postoperative month also revealed granu- 
loma in 25% of patients. Such data are in agreement 
with the report of Grillo,!? who noted granulations 
after tracheal anastomosis in 34 of 193 patients. In 
our series, none of the variables under analysis were 
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statistically related to the incidence of postoperative 
complications or tracheal granuloma. 


In conclusion, this report reemphasizes that when- 
ever possible, primary resection with end-to-end anas- 
tomosis via a cervical approach is a relatively safe 
and reliable procedure for isolated postintubation 
stenosis of the cervical trachea. Tracheal resection 
with end-to-end anastomosis obtains wound healing 


by primary intention with alow complication rate and 
ahigh success rate. In patients in whom 1 to7 tracheal 
rings are resected, our study suggested that end-to- 
end tracheal anastomosis with mediastinal tracheal 
dissection and blunt dissection between the deep and 
superficial infrahyoid muscles 1) does not require the 
systematic use of adjunctive measures to release 
tension at the level of the suture line and 2) results in 
long-term airway patency. 
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CRANIAL NERVE AND HEARING FUNCTION AFTER COMBINED- 
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In this retrospective study, oncologic and functional results of 46 patients treated for glomus jugulare tumor are reported. The 
standard surgical approach was the combined transmastoid-transcervical approach, modified according to the individual tumor growth, 
and eventually combined with a transtemporal or a suboccipital approach. Complete tumor removal resulted in a cure rate of 90%. New- 
onset cranial nerve palsies developed in less than 22% of patients. In 54% of cases it was possible to retain middle ear function. From 
a total of 12 patients with incomplete tumor removal and postoperative irradiation, progressive tumor growth was noted in 4 patients, 
and was controlled by salvage irradiation or surgery. Radical tumor removal by ablative surgery can be modified by efforts to reduce 
mutilating resections. In their place, individually tailored and combined multidirectional surgical approaches may allow total tumor 


removal with lower morbidity. 
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Although the management of glomus jugulare 
tumors has been a subject of controversy since the 
initial description by Rosenwasser,! the only curative 
treatment is undoubtedly radical surgery.” In large 
patient series, cure rates of 86% to 100% after com- 
plete surgical removal have been reported.‘ Still, 
surgery for glomus jugulare tumors remains difficult 
and challenging. Giant tumors with invasion of the 
internal carotid artery (ICA), the clivus, and the 
pontomedullary region increase the surgical risk, and 
their removal sometimes produces new morbidity, 
nonexistent preoperatively and caused by surgical 
injury to important adjacent structures. Woods et al^ 
reported that the vagus and glossopharyngeal nerves 
were anatomically preserved in 49% and 32% of 
patients, respectively. The facial nerve was preserved 
in 8096 of patients. Poe et al? stated that more than 
half of the patients presented with cranial nerve 
deficits, and after operation 84.5% had some cranial 
nerve deficit. Conductive hearing loss is the conse- 
quence ofthe infratemporal fossa approach described 
by Fisch and Mattox,‘ even in patients with preopera- 
tively normal hearing. In their controlled series of 36 
patients, followed up for 6 to 10 years, from a total of 
more than 240 operated tumors, the functions of the 
9th and 10th cranial nerves deteriorated in 33% of 
cases postoperatively (U. Fisch, personal communi- 
cation, 1995). 


The aim of this study was to reassess our 20-year 
experience with the surgery of glomus jugulare tu- 
mors with particular reference to the postoperative 
morbidity in terms of cranial nerve involvement and 


hearing preservation. Total tumor removal remained 
the ultimate goal, but the individual planning of 
surgical access was oriented toward the least destruc- 
tive procedure. 


MATERIAL AND METHODS 


Patient Population. Twenty-seven patients with 
glomus jugulare tumors class C according to Fisch 
and Mattox,? and 19 patients with class D tumors, 
treated at the Department of Otorhinolaryngology in 
Erlangen between 1973 and December 1993, were 
submitted to the present retrospective study (Fig 1). 
Data relating to presenting symptoms, physical, ra- 
diologic, and audiologic findings, cranial nerve sta- 
tus, and treatment modalities were analyzed and 
tabulated. The evaluation of every parameter was not 
possible in all cases. The routine follow-up consisted 
of yearly clinical examination, and computed tomog- 
raphy or magnetic resonance imaging (MRI) in the 
first 3 years after the treatment and later in 3- to 5-year 


C] Male 
E] Female 


Number of patients 





51-60 


21-30 31-40 41-50 61-70 71-80 81-90 Age 


Fig 1. Age and sex distributions of 46 patients with glomus 
jugulare tumors (tumor sizes C and D). 
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TABLE 1. TREATMENT MODALITIES IN 


MANAGEMENT OF GLOMUS JUGULARE TUMORS 


Tumor Sizes % of 

Treatment (Fisch Classification) Patients 
Modality C D (N = 46) 
Complete tumor removal 

with no irradiation 16 7 50 
Incomplete tumor removal 

followed by radiotherapy 7 9 35 
Radiotherapy 4 3 15 


intervals. The present study was additionally based 
on a current clinical evaluation in 26 patients and a 
detailed questionnaire in 6 patients, while 7 patients 
had died of causes unrelated to glomus tumor. Seven 
patients were lost to long-term follow-up, but some 
aspects could still be evaluated. The average follow- 
up interval was 89 months, with arange from 8 to 248 
months. 


Left-sided tumors were more frequent, with a left- 
right ratio of 30 to 16. Two patients had an additional 
carotid body paraganglioma. Preoperative catechola- 
mine screens were not routinely performed, but no 
tumor in this series showed clinical signs cf neu- 
ropeptide or vasoactive amine secretion. 


Surgical Treatment. Twenty-three patients were 
treated surgically with complete removal of the neo- 
plasm as evidenced by the surgical microscope {Table 
1). There were 20 women and 3 men. Ages ranged at 
the time of presentation or diagnosis from 31 to 73, 
with a median age of 56. The average duration of 
symptoms at the time of referral was 4.6 years (range 
1 to 17). 


In a further 16 patients the tumor was resected 
subtotally and these patients received postoperative 
radiotherapy. There were 13 women and 3 men. Ages 
ranged from 24 to 74, with a median age of 56. The 
average duration of symptoms was 4.4 years (range 1 
to 21). This group of patients was in every respect 
comparable with the patients treated only surgically, 
with the exception that more tumors showed intra- 
cranial extension (Table 1). The reasons for incom- 
plete tumor resection were as follows: refusal of a 
planned second-stage surgery by the patient; inter- 
ruption of the surgery because of severe hemorrhage, 
early in the series; and the fact that in some patients 
with a limited life expectancy (over 65 years old, low 
physical performance) and intact lower cranial nerves, 
microscopically small tumor remnants were deliber- 
ately left at the jugular foramen or on the ICA. 


The standard surgical approach was the trans- 
mastoid-transcervical approach, which was modi- 
fied according to the individual tumor growth, and 
eventually combined with a transtemporal exposure 
of the petrous bone or with a lateral suboccipiial ap- 


TABLE 2. SURGICAL APPROACHES 


Tumor Sizes % of 
(Fisch Classification) Patients 

Approach C D (N = 39) 
Transcanal 3 0 8 
Transmastoid 4 3 18 
Transmastoid- 

transcervical 15 5 51 
Transmastoid- 

transcervical 

followed by 

neurosurgery* l 8 23 


*Including infratemporal fossa approach and transtemporal approach. 


proach (Table 2). Limited approaches like the trans- 
canal and the transmastoid approaches were used as 
the first operation in patients who later refused fur- 
ther surgery. 


Thecombined transmastoid-transcervical approach 
was an extension of the retroauricular transmastoid 
approach and permitted not only the exposure and the 
control of structures lying atthe jugular foramen orin 
the posterior fossa, but also a control of the ICA in its 
petrous portion and in the upper neck. The technique 
basically corresponds to that described by Glasscock 
et al.© The facial recess was opened from posterior 
and enlarged inferiorly behind the annulus with sac- 
rifice of the chorda tympani. The facial nerve was 
skeletonized in the mastoid portion and temporarily 
or permanently transposed. In the second phase of 
this operation the lower cranial nerves and the ICA 
were exposed from the neck into the petrous bone. 
Proximally, the sigmoid sinus was ligated or oc- 
cluded with extraluminal packing of oxidized cellu- 
lose. The internal jugular vein was ligated in the neck, 
and the jugular bulb, containing the tumor, was 
resected with the dura of the posterior fossa respected 
as much as possible. Meticulous repair of any dural 
defect and obliteration of the mastoid cavity with free 
muscle-periosteum grafts or with pedicled muscle 
terminated the procedure. Preservation of the middle 
ear structures was always attempted when service- 
able hearing existed preoperatively. Reconstruction 
of the tympanic membrane and the ossicles was 
accomplished at the end of the procedure or in a 
second operation. If the eustachian tube was severed 
by tumor or surgery, a ventilation tube was inserted 
into the tympanic membrane. This was usually per- 
formed 3 months after surgery to minimize the risk of 
cerebrospinal fluid (CSF) otorrhea. 


In patients with large intradural tumors a combined 
otoneurosurgical procedure was performed (Fig 2). 
The posterior fossa dura was opened and resected 
according to the tumor extent in the posterior fossa. 
An exposure of the ICA by the combined trans- 
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Fig 2. Thirty-year-old patient with 
2-year history of headache and va- 
gus nerve palsy demonstrating gi- 
ant paraganglioma, C3Di2. Total 
tumor removal was accomplished 
by two-stage, combined transmas- 
toid-transcervical-transtemporal 
approach, producing no further cra- 
nial nerve deficit. A) Preoperative 
T2-weighted magnetic resonance 
image. B) Hearing before and 14 
months after surgery. 


temporal and transmastoid-transcervical approach 
was used for tumors reaching in front of the carotid 
knee to its horizontal portion without cochlea in- 
volvement.’ The function of the middle ear could 
thus be preserved. Such wide superior and inferior 
exposure also reduced the need for facial nerve ma- 
nipulation. In only 2 cases, the infratemporal fossa 
approach of Fisch and Mattox,’ with obliteration of 
middle ear spaces, became necessary in this series. 
Both patients had a class C3De1 tumor and were 
preoperatively deaf because of extensive destruction 
of the labyrinth. 


The surgery was staged in 11 of 16 patients with a 
class D tumor because of a large intradural tumor 
extension or because of the long duration of the 
operation. In comparison, only 7 of 23 patients with 
class C tumors had staged surgery. 


Eighteen tumors were embolized 1 to 3 days pre- 
operatively, and 1 tumor was embolized prior to irra- 
diation. In the same session a preoperative balloon 
test occlusion of the ICA in combination with sin- 
gle-photon emission computed tomography (SPECT) 


TABLE 3. CURE RATES AFTER DIFFERENT 
TREATMENTS OF GLOMUS JUGULARE TUMORS 


Primary Tumor Sizes % With 
Treatment (Fisch Classification) Tumor 
Modality C D Control 
Total removal (N = 20)* 13/14 5/6 90 
Incomplete removal 

followed by radiotherapy 

(N = 12)* 4/5 4/7 67+ 
Radiotherapy (N = 7) 4/4 3/3 1007 


*Seven patients were lost to follow-up. 


+Patients free of symptoms, tumor size constant on magnetic reso- 
nance imaging. 
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measurement of the cerebral blood flow was per- 
formed in 2 patients with the tumor encasing, but not 
narrowing, the ICA, as seen on MRI.? Both patients 
tolerated the test well clinically. One showed a de- 
crease of cerebral blood perfusion in the SPECT; 
however, surgery was uneventful, and the tumor 
could be separated from the ICA. 


Radiotherapy. Seven patients had only radiother- 
apy; this was because of bad physical performance in 
5 patients, an unrelated malignant disease in 1 pa- 
tient, and refusal of surgery by 1 patient (Table 1). 
There were 5 women and 2 men. Ages ranged at the 
time of presentation or diagnosis from 57 to 84, with 
a median age of 70. The average duration of symp- 
toms at the time of referral was 3.8 years (range 1 to 
11). Irradiation was delivered with 6-MeV photons 
using multiple field techniques including wedge fil- 
ters. Thetotal doseranged from 45 to 60 Gy, in recent 
years figuring 45 Gy in 1.8-Gy daily fractions over 5 
weeks. 


RESULTS 


Results are shown in Tables 3-5 and Fig 3. Out of 
a consecutive series of 46 patients with large glomus 
jugulare tumors (class C and D), 39 could be submit- 
ted to a comparison of different treatment modalities 
(Table 3). Seven patients moved away and were lost 
to long-term follow-up. 


In the group of 20 patients with total tumor re- 
moval and an average follow-up interval of 70 months 
(8 to 248 months), 2 residual tumors presented, 1 in 
the class C group and 1 in the class D group. The time 
interval between surgery and the detection of tumor 
regrowth was 3 years and 4 years, respectively. One 
patient received two courses of salvage irradiation 
(50 Gy in 1986 and 12 Gy in 1989) and additional 
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TABLE 4. PATIENTS WITH PREOPERATIVE AND PERMANENT POSTOPERATIVE CRANIAL NERVE PALSIES 


Total Tumo” Removal 


(Fisch Classification) 
Nerves C (N = 16) D (N = 7) 
VII (House II-VI) 2,4 2,5 
IX 1,3 3:9 
X 1,4 6,7 
XI 0,4 0,1 
XII 0,2 0,3 


Subtotal Tumor Removal 
Followed by Radiotherapy 
(Fisch Classification) 

C (N 2 7) D (N = 9) 
1,2 1,4 
1,1 1,2 
1.2 3,4 
0, 0 L4 
0, 0 3,5 


Data are preoperative number followed by postoperative number. 


radical surgery in 1992, and is at present doing well 
without clinical or radiologic signs of tumor pres- 
ence. The other presented recently in a very bad 
condition with a large intradural tumor. A ventriculo- 
atrial shunt was placed and she received a course of 
palliative irradiation. 


Of a total of 12 patients with incomplete tumor 
removal and postoperative irradiation (total dose 
range 45 to 60 Gy), progressive tumor growth was 
noted in 4 patients, 3 to 6 years after the treatment. 
Follow-up in this group averaged 80 months (9 to 
194). All 4 patients with tumor progression had a 
second course of radiotherapy (40 to 45 Gy), and 1 of 
them had revision surgery. Meanwhile, 2 patients are 
well with tumors showing no progression, and 2 died 
of causes unrelated to the paraganglioma. 


In the pure radiotherapy group (7 patients) there 
were no tumor progressions as confirmed by serial 
MRI. The follow-up of 3 patients was only 2 years, 
another 3 patients died from diseases unrelated to the 
tumor within 2 years, and 1 patient with a follow-up 
of 5 years is doing well. 


The clinical status of the cranial nerves was ana- 
lyzed in all 39 surgical cases (Table 4). Permanent 
new-onset facial nerve palsy developed in 3 patients 
with a class C tumor and in 6 patients with a D tumor. 
Of those, only 2 (C tumors) and 3 (D tumors) facial 


TABLE 5. POSTOPERATIVE COMPLICATICNS 


Tumor Sizes % of 

(Fisch Classification) ^^ Patients 

C D 'N = 39) 
Meningitis 3 8 
Cerebrospinal fluid leak 1 5 15 
Labyrinthitis 1 3 

Nerve VII paralysis 

(House V-V1) 2 3 13 
Nerve IX paralysis 2 3 13 
Nerve X paralysis 4 2 15 
Nerve XI paralysis 4 1 13 
Nerve XII paralysis 2 5 18 
Perioperative mortality 2 5 


paralyses were House grade V or VI. Two of them 
were caused by nerve mobilization during surgery, 
and 3 by resection of the tumor-infiltrated nerve. 


Lower cranial nerve functions in the group of 
patients with subtotal removal, when compared with 
the group with total tumor removal, showed more 
favorable results in the first group. All of the patients 
with deficits of the lower cranial nerves were suc- 
cessfully physically rehabilitated. The nutrition was 
controlled by intravenous alimentation until naso- 
gastric tube feeding was possible. It was unnecessary 
to perform either a tracheotomy or a gastrostomy for 
their functional rehabilitation. Thyroplasty with me- 
dialization of the true vocal cord!? was performed in 
1 patient for speech rehabilitation. 


In irradiation-only cases there were no new-onset 
cranial nerve palsies. 


Hearing results were tabulated comparing the pure 
tone audiogram (PTA) curves before surgery and at 
the last presentation in 30 surgical patients (Fig 3). 
The audition deteriorated in 7 patients after the sur- 
gery, remained unchanged in 20 patients, and im- 
proved in 3 patients. 


In irradiation-only cases, 3 patients were already 
deaf at the first presentation. The hearing of 2 patients 
remained unchanged after the treatment (45 Gy, 46 
Gy), and 2 patients lost their hearing completely (64 
Gy, 54 Gy). 


Pure tone thresholds (Average of 0.5,1,2,4 kHz) H= class C 
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Fig 3. Hearing results. 
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The perioperative mortality rate was 596 (Table 5): 
2 patients, ages 62 and 58, died 7 and 10 days, 
respectively, after the operation. Autopsy revealed 
thatin 1 patienta cerebral apoplexy had occurred, and 
the other died of brain edema due to cerebral ischemia 
caused by the supine and distorted position of the 
head in the presence of a malformation of the verte- 
bral arteries. 


DISCUSSION 


Impact of Therapy on Tumor Status. Improve- 
ments in the surgery of glomus jugulare tumors 
during the last decades contradict the earlier argu- 
ment against surgery, namely, a high percentage of 
residual tumors and significant postoperative mor- 
bidity.>61112 Woods et alt reported The Otology 
Group (Nashville, Tenn) experience, also detailed by 
Poe et al,? with 43 consecutive patients and observed 
no tumor recurrences. The duration of follow-up 
ranged from 2 to 19 years, with a median of 5 years. 
Anand et al!3 observed no recurrence or persistence 
of tumor, clinically or radiographically, 4.5 years 
after surgery in 16 of 20 patients with large tumors 
having intracranial extension. 


In our series of glomus jugulare tumors, 90% of 
patients were tumor-free after total tumor removal, as 
confirmed by serial imaging and clinical examina- 
tions, and an average follow-up of 70 months. The 
overall results support our preference for surgery, 
which offers a definitive treatment and the best long- 
term cure rates. Radiotherapists claim a local tumor 
control rate of about 90% in irradiation patients.14^15 
In our patients treated by incomplete surgical re- 
moval and full-dose irradiation, a significantly poorer 
outcome was seen in comparison to those treated only 
surgically. Four of 12 patients experienced progres- 
sive tumor growth after a primary treatment consist- 
ing of subtotal surgery and subsequent radiotherapy. 
The follow-up averaged 80 months in this group. 
However, after salvage therapy all 4 patients were 
doing well. Nevertheless, salvage irradiation was not 
able to prevent tumor from growing in 2 patients, and 
they received revision surgery. 


The experience with combined surgical and irra- 
diation treatment was gathered early in the series with 
patients that refused the planned second-stage sur- 
gery, and was afterward employed in some surgical 
candidates with few preoperative symptoms but lim- 
ited life expectancy. The surgery was always started 
with the goal of total tumor removal, and the decision 
to leave a tumor remnant was made intraoperatively 
and was the result of balancing the predictable com- 
plications from further radical ablation (lower cranial 
nerve impairment, involvement of the ICA and the 
vertebrobasilar system, etc) against the biologic age 


of the patient. In those patients with poor collateral 
cerebral circulation, as evidenced by angiography 
and balloon test occlusion of the ICA with SPECT, 
radical dissection of the tumor from the artery was not 
carried out. 


Our group of 7 patients treated by radiotherapy 
alone was far too small, and the follow-up too short, 
to allow any significant conclusion. 


Hearing and Cranial Nerve Function. The benefit 
ofradical tumorremoval by extensive surgery should 
be followed by efforts to reduce the functional im- 
pairments necessary to achieve complete resection. 
The provision of an adequate and safe exposure of the 
tumor and adjacent neurovascular structures is of 
utmost importance. For the removal of class C and D 
tumors, Fisch and Mattox? advocate the infratemporal 
fossa approach, which routinely includes the removal 
and blind sac closure of the external auditory canal, 
and the exenteration of pneumatic middle ear spaces 
with subsequent obliteration of the cavity, producing 
a maximal conductive hearing loss. Jackson et al? in 
their series of class C tumors, reported that 1996 of 
patients were operated on by the canal wall up tech- 
nique, 25% by the canal wall down technique, and 
56% by the infratemporal fossa approach. Even in 
class D1 tumors, 1896 were operated on by the canal 
wall up technique, 6% by the canal wall down tech- 
nique, and 76% by the infratemporal fossa approach. 


We have, however, come to the conclusion that 
individually tailored and combined, multidirectional 
surgical approaches — eg, transmastoid-transcervi- 
calin combination with a transtemporal or suboccipi- 
tal exposure —- enable total tumor removal with low 
morbidity. Patel et al! recently published an excel- 
lent review on combined approaches for resection of 
extensive glomus jugulare tumors and added 12 of 
their own patients. Subtemporal-infratemporal, retro- 
sigmoid, and/or extreme lateral transcondylar ap- 
proaches were added to the transtemporal-infra- 
temporal approach. They concluded that the im- 
proved exposure provided early control of the pe- 
trous ICA, reduced the necessity for facial nerve 
mobilization, and facilitated tumor removal from the 
clivus, cavernous sinus, posterior fossa, and foramen 
magnum, allowing a single-stage resection in 8 pa- 
tients. However, they further stated that the perma- 
nent conductive hearing loss is acceptable morbidity, 
and that efforts to preserve hearing are not suitable, 
specifically in tumors that are anteromedial to the 
ICA or extend intracranially. Even in large tumors, 
we did not routinely remove the posterior auditory 
canal wall, nor did we obliterate the middle ear, but 
tried to save a functioning ventilated middle ear. In 
order to realize this principle, an extended transmas- 


954 Gjuric et al, Glomus Tumors 


toid-transtympanic approach was utilized, removing 
and reconstructing the posterior canal wall as far as 
necessary, displacing the facial nerve temporarily if 
necessary, and dissecting the jugular bulb and the 
vertical portion of the ICA from two directions: from 
below and from above via the middle fossa approach 
when the tumor had embedded the carotid knee.^ 
The cochlear and labyrinthine structures were thus 
preserved if still functioning. Tumors causing encase- 
ment with displacement of the ICA could frequently 
be dissected from the artery. The tunica media resists 
the tumor infiltration for a long period of time. No 
tumor in this series had preoperatively shown encase- 
ment with narrowing of the ICA on MRI or on the 
angiographic studies. Permanent anterior transposi- 
tion of the facial nerve was seldom used; a temporary 
and partial transposition of the nerve beginning from 
the tympanic portion was preferred. Dissection above 
and below the facial nerve, through the wide trans- 
temporal and transmastoid-transcervical exposure, 
resulted in the fact that in some cases the nerve was 


only skeletonized, but not mobilized. Reconstruction 
of the eardrum and the ossicles was attempted at the 
end of the procedure or at a second stage. By using the 
aforementioned technique, the deterioration rate of 
cranial nerve function in surgery-only cases could be 
kept low in comparison with the data from the litera- 
ture?-? — for the facial nerve 13%, the glossopharyn- 
geal nerve 1746, and the vagus nerve 1796. 


One of the main arguments in favor of blind sac 
closure of the external auditory canal and obliteration 
of the middle ear spaces is the prevention of CSF 
leak.? Woods et al* observed a postoperative CSF 
leak in 10 of 71 patients, and Anand et al,1? in 1 of 20 
patients. Despite preservation of the middle ear and 
the external auditory canal, a CSF leak occurred in 
only 6 of 39 tumor operations in our series. Surgical 
revision resulted in control of the CSF leak in all 
cases. We accept a somewhat higher percentage of 
CSF leaks, to be controlled without major problems, 
when the end result is the preservation of hearing. 
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INTERSTITIAL IODINE 125 IN ADVANCED RECURRENT SQUAMOUS 
CELL CARCINOMA OF THE HEAD AND NECK WITH FOLLOW-UP 
EVALUATION OF CAROTID ARTERY BY ULTRASOUND 
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We retrospectively reviewed our experience with 24 patients in the treatment of advanced recurrent squamous cell carcinoma of the 
head and neck, using salvage surgery and intraoperative iodine 125 (1251) implantation. Surgical complications and survival results were 
compiled and compared with those of other studies. The long-term effect of 125] on the carotid artery was evaluated by ultrasound. We 
had a major complication rate of 21% and an overall complication rate of 50%. Our 2-year overall and determinate survivals were 29% 
and 50%, respectively. Within the survival group, carotid ultrasounds were obtained to evaluate the long-term effect of 13I. All 
ultrasounds obtained at least 1 year from the time of treatment showed minimal or no change from the contralateral side. We conclude 
that intraoperative !*5] and salvage surgery are an acceptable treatment for recurrent squamous cell carcinoma with minimal complication 


and effect on the carotid artery. 


KEY WORDS ~~ carotid artery, iodine 125, recurrent squamous cell carcinoma, ultrasound. 


INTRODUCTION 


A significant population of head and neck cancer 
patients fail their initial treatment and present with 
- extensive local recurrence. The disease often encases 
the vascular bundle, infiltrates along surgical planes, 
or invades bone. Surgical treatment alone is not 
curative because of the high likelihood of micro- 
scopic residual disease, and additional external beam 
irradiation can lead to unacceptable complications. 


There have been several recent series on the use of 
reoperation and intraoperative iodine 125 (151) seed 
implantation with improved survival and local con- 
trol and acceptable complication rates. This paper 
retrospectively reviews our experience using aggres- 
sive salvage reoperation and intraoperative !2°I seed 
implantation in the treatment of advanced recurrent 
squamous cell carcinoma of the head and neck. Ultra- 
sound was utilized to examine the long-term effects 
of 125] on the carotid artery. 


MATERIALS AND METHODS 


Medical records from April 1988 to June 1992 
from the Departments of Otolaryngology—Head and 
Neck Surgery and Radiation Oncology at Temple 
University Hospital were reviewed. Twenty-five pa- 
tients who had undergone !2°] seed implantation and 
reoperation were identified. One patient had a malig- 


nant sweat gland tumor and was excluded. The re- 
maining 24 patients had recurrent squamous cell 
carcinomas confirmed histologically. Of the 24 pa- 
tients, there were 5 women and 19 men with a mean 
age of 62 years (range 31 to 76). Patients were 
selected for combined implantation and surgery on 
the basis of the five criteria listed in Table 1. A 
detailed summary of each patient's original tumor 
and recurrence site is listed in Table 2. All patients 
had recurrent disease and satisfied at least one crite- 
rion. Involvement of the carotid artery was evaluated 
by computed tomography (CT) scan, magnetic reso- 
nance imaging (MRI), and/or ultrasound. In addition 
to resection and implantation, 17 of 24 (71%) patients 
had pectoralis major muscle used for reconstruction 
of the defect, protection of the carotid artery, and 
coverage of 125] seeds. The distribution and average 
area covered are summarized in Tables 3 and 4. 
Patients were followed up for a minimum of 17 
months or until time of death. The median survival 
was 7 months (range 1 to 51 months). At the termina- 


TABLE 1. SELECTION CRITERIA 


Failed previous irradiation 

Failed previous surgical resection 

Failed previous chemotherapy 

Tumor involving carotid 

Tumor involving skull base, pharyngeal wall 


From the Departments of Otorhinolaryngology-Bronchoesophagology (Chen) and Radiation Oncology (Silverman), Temple University Health 
Sciences Center, Philadelphia, Pennsylvania, and the Department of Otolaryngology-Head and Neck Surgery, MetroHealth Medical Center, Case 
Western Reserve University School of Medicine, Cleveland, Ohio (Mohr). Dr Chen is currently in private practice in Roanoke, Virginia. 
CORRESPONDENCE ~~ Rose M. Mohr, MD, Dept of Otolaryngology-Head and Neck Surgery, MetroHealth Medical Center, Outpatient Plaza, 
Specialty Services Pavilion, 2500 MetroHealth Dr, Cleveland, OH 44109-1998. 
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TABLE 2. DETAILED SUMMARY OF EACH PATIENT’S ORIGINAL TUMOR AND RECURRENCE SITE 


Age 
57 


57 


63 


70 


55 
79 
65 


41 


55 


32 


76 
75 


66 
53 


70 
60 
58 


57 
59 


71 
75 
68 
63 


71 


Sex 
M 


ERES & & 


M 


Original Tumor 
T2N1MX retromolar 
tripone 
T3N2M0 base of tongue 
cancer 


T2NOMO tonsillar cancer 


T2NOMO tongue cancer 


TiIN3MO tonsillar cancer 


TINO posterior pharyn- 
geal wall cancer 


Laryngeal cancer and 
floor of mouth 


TINIMOR vallecula 
cancer 


T3N3MO tongue cancer 


Recurrent tongue cancer 


T2N1MX R base of 


tongue cancer 
Laryngeal cancer 


L neck mass 
T1 laryngeal cancer 


R tonsillar cancer 


T1NO supraglottic 
cancer 


T3N2MX laryngeal 
cancer 


SCCA of parotid 
Base of tongue cancer 


T3NO R vocal cord 
cancer 


T3NO epiglottic cancer 


T2NOMO laryngeal 
cancer 


T4N2M0 L base of 
tongue cancer 


T2NOMO laryngeal 
cancer 


Stage 
III 


IV 


<< 


= 


II 


IV 


II 


Original Treatment Recurrence Site 
(Date of Completion) (Date) DFI 
Composite resection fol- L pharynx, skull base 4 


lowed by 6,000 cGy (1/88) (5/88) 
Chemo and XRT with 7,029 L neck, residual carotid 10 


cGy to primary tongue, nodes (8/91) 

and both upper neck with 

8,000 cGy (10/90) 

Preop XRT and surgery R neck involving carotid 12 

(11/89) (11/90) 

Initial local excision and R carotid (2/91) 8 

then first neck recurrence 

treated with XRT: 6,440 

cGy (6/90) 

Surgery and unknown L carotid (11/91) 10 

XRT (1/91) | 

Unknown XRT (2/88) L pharynx and carotid 10 
(12/88) 

Surgery and XRT (8/89) Floor of mouth (10/89) 2 

4,500 cGy as combined R neck involving 12 


preop XRT and surgery but carotid (9/88) 
never completed surgery (9/87) 


6,000 cGy and surgery R carotid (3/89) 6 
(9/88) 

Surgery and XRT: 7,600 L neck and tongue (1/90) 4 
cGy to tongue, and 5,000 

cGy to upper neck (9/89) 

XRT: 6,000 cGy in 1988 R neck with carotid (7/90) 8 
and chemo (11/89) 

XRT: 6,000 cGy and Retropharyngeal pre- 16 
chemo (2/90) vertebral (6/91) 

Treated primarily with !25] Carotid N/A 
Chemo and XRT previously | Hypopharyngeal and 7 
for lymphoma in neck L carotid (9/89) 

and vocal cord lesion, then 

9/88 had XRT and laryngec- 


tomy for stoma recurrence, then 
submental mass recurrence (2/89) 


Treated with 7,000 cGy in R neck with carotid 60 

1980 (10/86) involvement (10/91) 

Surgery and XRT (6/91) Surgical bed carotid 9 
(3/92) 

Chemo and XRT with L neck with carotid 35 

surgical salvage (11/87) (10/90) 

XRT (2/90) Skull base (4/90) 2 

Surgery and XRT (2/85) Posterior pharynx, R 51 
carotid (5/89) 


6,400 cGy larynx, then L neck with carotid 10 
total laryngectomy (7/88) (5/89) 


XRT and surgery (5/85) R neck with carotid 30 
(11/87) 

7,200 cGy in 1989 (8/89) R carotid (7/91) 23 

Surgery and XRT (4/91) R neck with carotid 9 
(1/92) 

Surgery and XRT (8/89) L mandible and neck 22 
with carotid (6/91) 


DFI — disease-free interval in months from original treazment, chemo — chemotherapy, XRT — radiotherapy, SCCA — squamous cell carcinoma, 


N/A ~- not available. 
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TABLE 3. DOSES OF IODINE 125 IMPLANTS 


Average 

Isodose No.of | Area(cm?; Range (cm?; 
Surface Pts. Coronal/ Coronal/ 
(cGy) (N =23)* Sagittal) Sagittal) 
5,000 23 52/52 20-122/12-94 
10,000 23 28/29 9- 79/ 7-64 
15,000 9 23/21 6- 41/ 7-57 
20,000 5 16/13 2- 34/ 8-19 
30,000 1 4/ 3 N/A 


N/A — not applicable. 
*One patient's radiation isotope curve was not available for analysis. 


tion of follow-up, patients were identified as with or 
without evidence of disease. Survival statistics were 
analyzed by the method of Kaplan and Meier.! 


All 1351 seed sources were ordered from Medi- 
Physics, Inc (model 6711, Arlington Heights, Ill) at 
least 3 days before implantation. All seeds were 
spaced at a fixed 1-cm distance within No. 1 Vicryl 
(polyglactin 910) absorbable suture. 


After informed consent, all patients underwent 
"extended radical neck dissection" with or without 
primary tumor resection and coverage of the carotid 
artery with alevator scapula muscle flap or a pectoralis 
major muscle flap, usually without a skin paddle. The 
outer surface of the pectoralis muscle was usually 
covered with a split thickness skin graft to avoid 
torsion of the vascular pedicle. Tumor resection was 
accomplished (no gross visible disease), and as much 
as possible of the wound was closed and flaps were 
inserted. Polyglactin sutures containing the !?5T seeds 
threaded on a separate curved Keith needle (Richard 
Allen Abdominal cutting) were then sewn into the 
tumor bed with the assistance of the radiation on- 
cologist (C.L.S.). The seeds were approximately 0.5 
mCi per seed strength. The probable number of seeds 
to be used was determined preoperatively by joint 
discussion between the surgeon (R.M.M.) and radia- 
tion oncologist. A minimum dose of 10,000 cGy was 
to be delivered to the tumor bed. The surgical tech- 
nique of seed implantation was tailored to the indi- 
vidual patient. The seeds were sewn in regularly 
spaced intervals, 0.7 to 1 cm between each row. The 
area covered by the implant was determined indi- 
vidually on the basis of operative findings of both the 
surgeon and oncologist. Each row of sutures was 
initially placed such that the end containing the 125] 
seeds remained in the shielded lead loop until the end 
of the row was reached. After confirmation of hemo- 
stasis, the wound was then closed in standard fashion 
and the seed count was documented in the operating 
room by portable x-ray. Postoperative care was rou- 
tne with the exception of radiation safety precau- 
tions. After being judged medically stable, postop- 


TABLE 4. EXTERNAL BEAM IRRADIATION 


Pre-!25] Post-!29] 
Irradiation Irradiation 
No. of patients 22" 101 
Average radiation dose (cGy) 6,320 4,250 
Range (cGy) 4,500-7,600 3,000-6,950 


*Three patients’ data were not available for analysis. 
+Two of these patients did not receive pre-!2I irradiation. 


erative patients were brought to the radiation oncology 
department for orthogonal films to document seed 
position and dosimetry. At the time of discharge, a 
lead shield and written instructions were provided for 
the patient and family. Selected patients received 
additional external beam radiotherapy as outpatients 
if it was deemed necessary and safe. 


From the orthogonal films, isodose curves were 
calculated from the Brachytherapy program version 
2.7 ona CMS computer. The area (in square centime- 
ters) of each isodose level was then calculated in both 
the coronal and sagittal planes. 


Carotid real-time ultrasonography was obtained 
on selected patients. The ultrasonography was car- 
ried out by the Department of Neurology neurovas- 
cular laboratory. Multiple transverse and longitudi- 
nal sections were obtained of the common, internal, 
and external carotid arteries. 


RESULTS 


Table 5 summarizes the distribution of patients 
fulfilling selection criteria. Radiotherapy failure was 
the most common criterion. In addition, most patients 
fulfilled second and third criteria. Carotid sheath 
involvement with tumor was found in 19 of 24 
patients. The average implantation areas required in 
coronal and sagittal planes were 28 and 29 cm?, 
respectively. 


TABLE 5. SUMMARY AND DESCRIPTION OF 
CRITERIA FULFILLED 


No. of 
No.of Criteria 
Pts. Fulfilled 


4 


t 


XRT, surgery, chemo, carotid 
XRT, surgery, carotid, skull base 
XRT, surgery, skull base 
XRT, chemo, carotid 

XRT, surgery, carotid 

ART, carotid, pharynx 

XRT, chemo, pharynx 

XRT, surgery 

XRT, carotid 

Surgery, skull base 

Carotid 
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Kaplan-Meier survival curve. 


At the end of the analysis, 7 of 24 patients (29%) 
remain alive. Eleven of 24 patients (46%) were free 
of disease at 2 years or at time of death. The overall 
2-year survival was 29% with the determinant sur- 
vival rate of 50%. Fourteen of 24 patients were found 
to be with disease locally (primary or neck), and 2 are 
alive. Of the 10 patients without disease, only 5 are 
still alive. The complete survival results are shown in 
the Figure. 


Complications following surgical resection oc- 
curred in 12 of 24 (50%) patients and 10 of 17 (59%) 
undergoing flap reconstruction. The most common 
wound-related postoperative complication was in- 
fection and wound ulcers (25%). The second most 
common was seed exposure related to wound ulcer or 
flap dehiscence. One patient had flap dehiscence 
after falling down during the immediate postopera- 
tive period. Although 2 patients had carotid rupture, 
this did not occur until several months after the 
treatment, and both had massive local regrowth at the 


TABLE 6. COMPLICATIONS 


No. % 
Seed exposure 3 13 
Flap dehiscence 1 4 
Radionecrosis 2 8 
Fistula, infection, and ulcer 6 25 
Clostridium difficile or methicillin-resistant 
Staphylococcus aureus 4 17 
Carotid rupture 2 8 


N = 12 out of 24, 


time of rupture. In addition, 4 of 24 patients (17%) 
acquired Clostridium difficile or methicillin-resis- 
tant Staphylococcus aureus during the hospitaliza- 
tion. The complications are summarized in Table 6. 


Of the 7 surviving patients, 5 were available for 
evaluation of the carotid artery by ultrasound. The 
average time between ultrasound and treatment was 
30 months (range 13 to 42 months). No patient 
exhibited clinical signs of carotid artery occlusive 
disease. Four of the 5 studied patients had no signifi- 
cant disease in the implanted carotid as compared to 
the nonimplanted side. One patient showed a mild 
encroachment of the lumen as compared to the non- 
implanted side. The results are summarized in Table 
7. 


DISCUSSION 


Treatment of patients with recurrent head and neck 
carcinoma continues to be a challenging problem. 
Patients are often judged unresectable or marginally 
resectable by preoperative CT, MRI, and ultrasound. 
There are difficulties in obtaining clear surgical mar- 
gins because of involvement of the carotid artery, 


TABLE 7. SUMMARY OF CAROTID ULTRASOUNDS 


Interval 
of Carotid 
Site of Study After Maximum Dose Delivered 
Age Implantation Implant (mo) Carotid Ultrasound Result to Carotid (cGy) 
34 L neck, carotid, 33 L common carotid artery, bifurcation and Previous XRT 5,000 
tongue irternal carotid artery appear clear; R Iodine 125 10,000 
common carotid artery, bifurcation, internal Postop XRT 2,700 
and external carotid arteries are clear 
44 R neck 40 R and L common carotid artery, bifurcation, Previous XRT 4,500 
internal and external carotid arteries are clear Iodine 125 20,000 
58 L neck, carotid 13 Mildly stenotic plaque formation within R Previous XRT 8,010 
common carotid artery and bifurcation; on L, Iodine 125 15,000 
mildly stenotic plaque formation is seen within 
bifurcation 
58 R carotid 42 Carotid real-time ultrasonography and Doppler Previous XRT 6,000 
spectral analysis indicate mild encroachment Iodine 125 10,000 
of R carotid lumen; marked high echo density Postop XRT 2,700 
soft tissue abnormalities are seen on R; no 
obvious intraluminal stenosis is seen on L 
78 R neck, carotid 23 Nonstenotic plaque formation within origins Previous XRT 6,000 
of internal carotid arteries bilaterally Iodine 125 20,000 


Postop XRT 3,000 
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TABLE 8. SUMMARY OF COMPARABLE STUDIES 


Patient 
Authors Year Population (N) 
Vikram et al? 1983 Primary or palliation (124)* 
Martinez et al$ 1983 Primary and recurrent (48) 
Fee et al? 1983 Primary and recurrent (29) 
Paryani et al$ 1985 Primary and recurrent (38) 
Son and Ariyan? 1985 Primary or recurrent (6) 
Son and Kacinski!® 1987 Primary (14) 
Park et al! 1991 Recurrent (35) 
Present study Recurrent (24) 
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Isotopes and Complication 
Techniques Rate Survival 
125] single seed appli- 5.5% serious 9% 2 y and 5.5% 5 y 
cator 
1251 single seed appli- — 1146 17% 2.5 y for recur- 
cator or polyglactin rent group, 50% 5 y 
suture carrier for primary group 
125] polyglactin su- 41% overall, 15 mo for primary 
ture carrier 28% major group, 12 mo for 
recurrent group 
125] polyglactin su- 26% overall 11 mo 
ture carrier 
125] single seed appli- 33% 4 mo to 1 y with no 
cator to primary, and evidence of disease 
polyglactin suture 
carrier to neck 
125] or 1??]r single 18% in 125] 82% actuarial 5 y in 
seed applicator group whole group 
125] single seed appli- 36% significant 38%2y 
cator 
125] polyglactin su- 21% major, 29% 2 y 
ture carrier 50% overall 


*Eighty-nine percent of cases were epidermoid. 


skull base, or deep neck musculature and/or previous 
radiotherapy.” Iodine 125 is a desirable radionu- 
clide for implantation because of its ease of handling 
and low complication rate. Because of tissue attenu- 
ation of the low-energy gammarays produced by 1251, 
a high therapeutic ratio of tumor and previously 
irradiated tissue can be achieved.‘ Several studies of 
improved survival and local disease control have 
been reported using surgical resection of gross tumor 
combined with !?5I to eradicate microscopic disease 
in advanced head and neck cancer. 


Vikram et al? treated 124 patients with advanced 
head and neck cancer with palliative intent using 
permanent !2[ implants. Eighty-nine percent of the 
histologic types were epidermoid carcinoma, with 
the remaining distributed among salivary gland and 
thyroid carcinomas. With a single seed applicator, 
125] seeds were inserted into the tumor bed. Complete 
regression occurred in 71%, partial regression in 
18%, and no regression in 11%. Overall, 64% of 
patients remained locally controlled until the pa- 
tients’ deaths. Only 9% of patients survived for 2 
years, and 5.5% survived for 5 years. The rate of 
serious complications was 5.5%. 


Martinez et aló attempted to increase local control 
rates using !*°] seeds either individually placed or 
inserted into absorbable polyglactin suture carriers. 
Forty-eight patients with either locally advanced 
cancer, massive cervical lymphadenopathy, or lo- 
cally recurrent head and neck cancers were treated. 
The overall local control rate was 58%, and the 5-year 


survival of those treated for cure was 50%. For those 
with recurrent disease, only 17% survived for 2.5 
years. The complication rate was 11%. 


Fee et al’ treated 29 patients with large neck 
carcinomas attached to the carotid artery. Implanta- 
tion of 135I via an absorbable suture and surgical 
resection were utilized with curative intent. Eighteen 
patients out of 29 were treated for recurrent neo- 
plasm. Overall, 62% of patients were disease-free in 
the neck with a 1-year follow-up. The mean survival 
was 15 months in the primary treatment group, and 12 
months in the recurrent group. The overall complica- 
tion rate was 41%, and the major complication rate 
was 28%. 


Paryani et al? treated 38 patients with advanced 
head and neck cancer attached to the carotid artery 
using surgical excision followed by !25I polyglactin 
suture implant in the neck. Twenty-six patients out of 
38 underwent implant for recurrent disease. The local 
and regional control rate was 53%. The mean survival 
was 11 months. The overall complication rate was 
26%. 


Son and Ariyar? reported preliminary results. They 
treated 6 patients with recurrent or metastatic head 
and neck tumors with surgical resection and a combi- 
nation of single seed implantation to the primary and 
polyglactin !?5[ sutures to the neck. All 6 patients 
were locally free of disease for 4 months to 1 year. 


Son and Kacinski!? treated 14 patients with pri- 
mary pharyngeal wall cancers using external beam 
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and interstitial implants (either !25I or 194Ir). Of the 14 
patients, 9 were implanted with a single seed 125I 
applicator. Of the 9 patients, all achieved Iccal con- 
trol. The complication rate for the group of 8 was not 
reported, but overall for the whole group it was 18% 
with reversible soft tissue and mucosal injury. 


Park et all! treated 35 patients with recurrent 
squamous cell carcinomas of the head and neck using 
surgical resection and a !75[ single seed applicator. 
The local control rate was 29% at 5 years. The 
significant complication rate was 36% for ell cases. 
Table 85-11 summarizes the above studies. 


All of the above studies suggested promising re- 
sults for 175I implantation combined with surgical 
excision. Each of the studies is different in patient 
population (primary versus recurrent), technique, 
and criteria of complication. Our study was most 
similar to the study by Park et all! in that all patients 
had failed previous therapy, and the complication 
categories were similar. Our study differs from that of 
Park et al by the technique of !*°I insertion. Analysis 
of our data shows that the 2-year overall survival of 
29% and determinant survival of 50% are similar to 
those in the study by Park et al: 38% and 47%, 
respectively. However, our overall complication rate 
appears slightly higher in comparison: 50% versus 
36%. This may be related to our higher percentage of 
patients requiring flap reconstruction. The complica- 
tion rate was 59%, compared to 56% in the study of 
Park et al when flap reconstruction was used. In 
addition, their technique of implantation also differs 
by polyglactin suture versus single seed applicator. 
Although our complication rate appears high, we feel 
most of the complications are related to the presence 
of the recurrent or persistent disease rather than the 
125] implants. 


Within the complication group, 2 patients had 
carotid rupture. Both patients were known to have 
extensive local tumor recurrence. It was unclear 
whether the first rupture occurred within the implant 
volume. The second patient had methicillin-resistant 
S aureus tracheitis and a small area of 230,000 cGy 
within the tumor bed. For both, the specific cause for 
the rupture is unknown. 


Carotid resection may avoid carotid rupture; how- 
ever, itis not a viable option for all patients. Dissec- 
tion of recurrent tumor in the neck often requires 
close implantation adjacent to the carotid artery or 
stump. Other series in the literature have reported the 
relative safety of such implants. In a study by Fee et 
al,!? only 1 of 38 patients developed carotid rupture 
and had proven local recurrence at the site. In the 
study by Park et al,!! 2 of 35 patients had carotid 
rupture and also had proven local recurrence at the 
site. Using animal models, Fee et al? have shown that 
there are no significant effects to the carotid artery in 
the short term; however, the long-term effect is still 
unclear. Local recurrence of tumor near the carotid 
appears to be a common denominator for predispos- 
ing to rupture. Other factors, such as excessive irra- 
diation and infection, may also contribute. To evalu- 
ate possible long-term complications relating to the 
carotid artery involvement, we studied the effect of 
brachytherapy on the carotid using ultrasonography. 
Ultrasound offered a noninvasive yet accurate method 
to evaluate the patency of the irradiated carotid arter- 
ies. Each patient's carotid artery received at least 
10,000 cGy from the !2°] implants in addition to any 
preoperative or postoperative irradiation. All studies 
occurred at least 1 year from time of implantation. 
Using the nonimplanted side as a control, we found 
that there were minimal or no changes on the im- 
planted side. We feel that our carotid ultrasound 
results support the canine data by Fee et al,!2 and ours 
is the only such study in humans. 


CONCLUSIONS 


Despite significant advancement in the treatment 
of head and neck squamous cell carcinoma, a signifi- 
cant population of patients presents with recurrent 
disease. These patients often require aggressive mul- 
timodality treatments. With salvage surgery and in- 
traoperative 125] implantation, complication rates are 
acceptable and survival rates. are improved. Patients 
who do best have microscopic disease, do not require 
pharyngeal entry, and have recurrence confined to 
the neck. Iodine 125 is relatively safeinthe shortterm 
and long term when implanted around the carotid 
artery. 
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Audiograms were traced or additionally performed on 23 Usher’s syndrome patients in 10 Dutch multi-affected families, all linked 
to chromosome 1q (USH2A locus). Serial audiograms, available in 13 patients, were used for a regression analysis of binaural pure tone 
average on age (follow-up, 9 to 32 years) to test for "significant progression," ie, a significant regression coefficient, here called the 
“annual threshold increase" (ATI, expressed in decibels per year). A significant ATI (21 dB/y) was observed in 3 patients. Analysis of 
variance of ATI demonstrated significant heterogeneity; hearing loss was either stable or progressive. This implies a significant clinical 
heterogeneity. A similar analysis performed on our progressive USH2A cases and "type III" cases previously reported by others (ATI 
of 1 to 5 dB/y), some of which were recently linked tc chromosome 3q (USH3 locus), failed to show any significant heterogeneity in 


the progression of hearing loss. 


KEY WORDS — deaf-blindness, gene linkage, genetic deafness, progressive deafness, retinitis pigmentosa, sensorineural hearing 


loss, type III Usher's syndrome. 
INTRODUCTION 


Usher's syndrome is an autosomal recessive disor- 
der characterized by congenital sensorineural hearing 
loss (SNHL) that is combined with progressive pig- 
mentary retinopathy that shows onset in childhood or 
adolescence and leads to severe constriction of the 
visual field (tunnel vision). Cataracts usually occur 
later and cause additionalloss of vision, eventually up 
to the point of (sub)total blindness. 


Three clinical subtypes were currently distin- 
guished, before the gene linkage studies started.!-? 
Typelinvolves profound congenital SNHL that causes 
abnormal speech and language development, com- 
bined with vestibular areflexia or severe hyporeflexia, 
which later in life adds to the problem of spatial 
disorientation as the visual system further deterio- 
rates. Type II involves moderate to severe SNHL, 
most pronounced at the higher frequencies, whereas 
at the speech frequencies there generally is sufficient 
hearing ability to allow for the normal development 
of speech and language. Vestibular (caloric) responses 
can be elicited. The SNHL of this type was defined as 
stationary throughout life, apart from the develop- 


ment of presbycusis at a more advanced age. A 
clinical type of Usher’s syndrome with features simi- 
lar to type II, in which, however, the SNHL proved to 
be progressive, was designated as type III. 


Gene linkage studies have split type I into three 
subtypes and type II into two subtypes. Type I has 
been linked to loci at 14432 (USH1A),*$ 11q14 
(USH1B),56 and 11p13-15 (USH1C),$ whereas type 
I! has been linked to 1941 (USH24A).7-? Usher’s cases 
that fail to show linkage to chromosome 1q41 are 
classified as Usher's type 2B.10.11 


This study shows the long-term results of audiom- 
etry in 23 patients from 10 Dutch multi-affected 
families with Usher's type 2A syndrome. Serial 
audiograms were collected and analyzed to evaluate 
whether the hearing loss was stable or showed sig- 
nificant progression. 


PATIENTS AND METHODS 


Our study population comprised 23 patients from 
11 different sibships in 10 kindreds with more than 1 
affected person. Blood samples from affected per- 
sons and their nonaffected relatives whose medical 
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TABLE 1. SUMMARY DIAGNOSTIC AND LINKAGE 
DATA FOR EACH MULTIPLEX SIBSHIP OR 


KINDRED ANALYZED 
Probability of Tentative 
Linkage to Audiologic 
Family 1g41 Markers Phenotype 
A 985 II 
.980 II 
C .972 III 
D .979 II 
E .979 II 
F .997 Mixed 
G 972 I 
H and I .993 Mixed 
K .996 Mixed 
M .955 I 


Phenotype Il is stable hearing loss. Phenotype III is progressive 
hearing loss. Mixed phenotype, phenotype III, does occur, but not — 
with at least some certainty — in all sibs. 


history indicated stable hearing loss (type II) were 
collected and analyzed at Boys Town National Re- 
search Hospital for gene linkage. The following chro- 
mosome 1 markers had been typed on all family 
members: D1S245, D1S70, D1S217, D1S237, 
D18229, D18227, PPOL, and D1S81. The Usher's 
2A gene is flanked by a 2.4 centimorgan region 
bounded by D18237 and D18229. 


The patient's history was taken and a general 
otorhinolaryngological examination, including audi- 
ometry and collecting previous audiograms, was per- 
formed with otoscopy in all instances, and the diag- 
nosis of Usher’s syndrome was confirmed by one 
ophthalmologist with assessment of the extent of 
retinitis pigmentosa, impairment of the visual fields, 
visual acuity, dark adaptation testing, and an elec- 
troretinogram. Vestibular excitability was confirmed 
with rotatory tests and caloric tests. This report will 
be limited to the evaluation of the audiometric data. 


Audiometric data could be obtained from the files 
from the Nijmegen otorhinolaryngology department 
or elsewhere. In all cases clinical routine or serial 
audiometry was performed according to common 
standards and with the usual clinical equipment. 
Serial audiometry over 9 years up to 32 years was 
available in 13 patients. Most of the patients were 
also examined in the University Hospital Nijmegen, 


where pure tone audiograms were measured with an - 


Interacoustics AC5 audiometer (Interacoustics, As- 
sens, Denmark), calibrated following the ISO 38912 
procedure according to the ISO 8253-1 standard? 
over the most recent years. The following tentative 
audiologic phenotypes were distinguished: type II 
(stable hearing loss), type III (progressive hearing 
loss), and “mixed” (different types occurring simul- 
taneously in one family). The assignment of each 


TABLE 2. MULTIPOINT LOD SCORES OF DUTCH 


FAMILIES GROUPED BY AUDIOLOGIC PHENOTYPE 


Distance From D18237 
(centimorgans) 
Group Family -10 0 +2 +12 
II A, B, D, 2.485 3.535 3.463 2.438 
E,G, M 
III C 0.414 0.582 0.683 0.415 
Mixed F,H and 2.800 3.834 3.876 2.838 
LK 
Total 5.609 7.951 8.022 5.691 


sibship was established by inspecting plots of the 
binaural pure tone average (BPTA, in decibels hear- 
ing level [HL]) against age; BPTA is the average of 
the pure tone averages (PTAs, at the frequencies 0.5, 
1, and 2 kHz) of both sides. This tentative phenotype 
was used to test in first approximation whether it 
discriminated between the linked and unlinked sub- 
types of Usher’s type II. Statistical tests on audiologic 
data comprised a regression analysis of BPTA on age 
tosee whether the regression coefficient — here called 
“annual threshold increase" (ATI) and expressed in 
decibels per year — differed significantly from zero 
in each individual with sufficient (n = 3) serial au- 
diologic data available, and an analysis of variance of 
the ATI values to test for (non)homogeneity in type 
of hearing loss. 


RESULTS 


There were 11 different families and 10 different 
kindreds (the families H and I were the same kindred) 
with Usher's type 2A. Two of the families involved 
multiple sibships of affected persons and the lod 
Score data for these families represent linkage analy- 
sis on the whole kindred and are not presented on an 
individual sibship basis. The heterogeneity analysis 
(Ott’s A-test) was employed to determine the prob- 
ability that each family was linked to a chromosome 
lq marker set. The overall y2 was nonsignificant 
when only the 10 Dutch families were included, and 
the resulting individual probabilities of each family 
being type 2A were all estimated at 1.0. Only when 
the Dutch data were pooled with the total set of 68 
Usher II families ascertained worldwide were con- 
servative probabilities obtained (the overall rate of 
heterogeneity was estimated at 12.5%). The resulting 
probabilities are shown in Table 1 and indicate that 
none of the families showed convincing nonlinkage 
with 1g41 markers. Family M had the lowest prob- 
ability, .955, because it was the least informative of 
all the families. 


As a further test of heterogeneity, the families were 
divided into three groups, those in which most mem- 
bers fit with the II phenotype with a stable hearing 
loss (families A, B, D, E, G, and M), those fitting the 
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TABLE 3. HEARING LOSS, MEASURED BY BINAURAL PURE TONE AVERAGE, AND REGRESSION ON AGE AND 
ASSIGNED TENTATIVE AUDIOLOGIC PHENOTYPE 


Regression Parameters 
Audiologic ATI SD 
Subject Sex Age and Binaural Pure Tone Average Phenotype r — (dB/y) (dB/y) 
A1 F  43y0mo60dB HL; 48 y 11 mo 64 dB HL II 
A2 M 31y?mo54 dB HL; 44y 11 mo 65 dB HL II 
B3 M 55y9mo34dB HL II 
B4 M 24y5 mo 32 dB HL; 40 y 6 mo 42 dB HL; 40 y 10 mo 48 dB HL II 94 . 0.805 0.305 
C5 F  21y3mo69dB HL; 26 y 5 mo 73 dB HL; 31 y 10 mo 82 dB HL; IH 97 104 0.172 
36 y 10 mo 84 dB HL 
C6 M 11 y3 mo 52 dB HL; 13 y 5 mo 6! dB HL; 22 y 1 mo 78 dB HL; Ii 95 131 0.204 
28 y 1 mo 82 dB HL; 33 y 7 mo 87 dB HL; 38 y 0 mo 88 dB HL 
D7 M 11 y4 mo 48 dB HL; 26 y 5 mo 48 dB HL; 27 y 3 mo 53 dB HL II 54 0.174 0.271 
D8 F  13y4mo47 dB HL; 22 y 0 mo 48 dB HL; 24 y 2 mo 48 dB HL H 98 0.099 0.019 
E9 F 6y10mo 49 dB HL; 24 y 3 mo 56 dB HL; 25 y 3 mo 58 dB HL I 99 0.450 0.075 
E10 M 5y7mo35dBHL; 13 y 3 mo 33 dB HL; 20 y 10 mo 38 dB HL II 59 0.196 0.266 
Fil F  Sy7mo48 dB HL; 10 y 7 mo 48 dB HL; 14 y 4 mo 54 dB HL; m 93 117 = 0.272 
26 y 8 mo 59 dB HL; 37 y 3 mo 87 dB HL 
F12 F 32 y5 mo 67 dB HL; 34 y 9 mo 62 dB HL l II or III 
F13 F  15y0mo57dB HL; 20 y 1 mo 64 dB HL; 25 y 11 mo 64 dB HL II or III .85 0.626 0.395 
G14 F 39y9 mo 61 dB HL; 44 y 6 mo 62 dB HL; 48 y 9 mo 62 dB HL; II 31 0.041 0.090 
48 y 11 mo 61 dB HL 
G15 M 45 y8mo58 dB HL; 50 y 9 mo 66 dB HL II 
H16 F  45y4mo88dB HL; 50 y 3 mo 89 dB HL II? 
H17 F | 42y10mo81 dB HL; 45 y 10 mo 86 dB HL IIT? 
I18 M  15y7 mo48 dB HL; 22 y 8 mo 54 dB HL II or III? 
I19 F  5y4mo50dB HL; 11 y 5 mo 48 dB HL; 12 y 0 mo 46 dB HL; II 52 0.235 0275 
21 y 3 mo 53 dB HL 
20 M 6y11mo50dB HL;7 y 3 mo 48 dB HL; 20 y 3 mo 56 dB HL I1 97 0.529 0.143 
K24 F  40y2mo 58 dB HL; 47 y 8 mo 68 dB HL; 49 y 10 mo 61 dB HL; II 80 06.695 0.530 
51 y 9 mo 65 dB HL 
K25 F 41y10mo95 dB HL In? 
M29 M 33 y6mo 58 dB HL; 38 y 6 mo 62 dB HL II 


Annual threshold increase (ATT) equals regression coefficient (correlation coefficient r); SD is its standard deviation. Italics indicate significant 


difference from zero. 


III phenotype with a progressive hearing loss (family 
C), and those that seemed to be mixtures of the two 
phenotypes (families F, H and I, and K). The lod 
scores for these three groups were summed at con- 
stant positions —10, 0, +2, +12 centimorgans relative 
to marker D1S237, and the results are listed in Table 
2. An M-test analysis (Morton) was carried out on the 
grouped data. The result was ¥2(2) = 0.20 (not signifi- 
cant).!4 Thus, itis concluded that dividing the sample 
into different audiologic phenotypes does not un- 
cover any genetic heterogeneity of Usher’s type II. 
Thus, we would conclude that this clinical variability 
is not due to the involvement of two (USH) loci. 


The available audiometric measurements are pre- 
sented by age in Table 3; included is the assigned 
tentative audiologic phenotype. The mean difference 
between right and left PTA was only about 5 dB (SD 
about 4 dB). A systematic study of the separate sound 
frequencies showed that the progression of hearing 


loss (when present) could be regarded as being suffi- 
ciently represented by the progression at the speech 
frequencies (0.5, 1, and 2 kHz), especially at 1 kHz. 
It was thus validated that the PTA (and hence the 
BPTA) was a suitable measure of the development of 
hearing loss. 


Those patients (n = 13) were selected from whom 
sufficient serial audiograms were obtained to analyze 
the regression of BPTA on age. The ATI (expressed 
in decibels per year) is the regression coefficient. An 
example of serial audiograms is shown in Fig 1. 
Histograms and probit plots (not shown) indicated 
the existence of two separate clusters of ATI values, 
those pertaining to cases without apparént progres- 
sion (tentative type II, with a low ATI) and those 
pertaining to cases with a substantial ATI (tentative 


type III). 
There were 3 patients with an ATI value that 
differed significantly from zero; ie, they showed 
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Fig 1. Serial audiograms of subject C6. Mean of 
right and left hearing levels (air conduction 
threshold, decibels hearing level) is shown. Re- 
gression line (binaural pure tone average [BPTA] 
on age) calculated from these values is y = 1.31x 
+ 42.7 (r = .95 for n = 6, p = .0030), which 
indicates annual threshold increase (ATI) of 
about 1.3 dB/y (Table 3). 


significant correlation and regression (Table 3): C5, 
C6 (also see Fig 1), and F11; their ATI was in excess 
of 1 dB/y. The continuous fat lines connecting the 
separate data points for these 3 patients are shown in 
Fig 2 to illustrate the progressive character of their 
hearing loss. 


Analysis of variance on all of our cases with an ATI 
value available (n = 13) demonstrated that these 
values showed significant heterogeneity (F= 2.44, df 
12 and 22, p = .033). A similar analysis showed 
significant heterogeneity (F = 2.01, df19 and 31, p = 
041) also for the combination of the present group of 
patients with known ATI and the cases previously 
described by others for whom regression analysis 
could be performed and an ATI value could be 
obtained (Table 415-18). All of the latter cases had a 
progressive type of hearing loss reported to be type TII 
Usher's syndrome, except for case 1 of Karjalainen et 
al.16 Of interest, an analysis of variance performed on 
the previously reported cases and our own cases (ie, 
C5, C6, and F11) for whom ATI was in the range of 
- 1 to 5 dBW, ie, those who showed the most convinc- 
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ing progression of hearing loss, failed to show any 
significant heterogeneity in ATI values (F = 1.20, df 
6 and 15, p = .36; after the exclusion of the case of 
Gorlin et all? — because of its large SD — F = 2.07, 
df 5 and 14, p = .13). 


DISCUSSION 


There is little doubt that there is substantial varia- 
tion in the Usher's 2À audiologic phenotype, and at 
leasttwo different patterns are apparent: one stable to 
slowly progressive, ie, in keeping with normal pres- 
bycusis,? and another more rapidly progressive. 
Progression was not apparent from the medical his- 
tory. According to the x2 test applied to the data 
presented in Table 2, the apparent audiologic pheno- 
type did not appear to be associated with linked or 
unlinked subtypes. No evidence of families showing 
other than 1q linkage was, in fact, observed. How- 
ever, the phenotyping used, and thus the grouping of 
the families, was somewhat arbitrary. We therefore 
also performed analyses of variance on the ATI 
variable, ie, for those patients for whom sufficient 
follow-up data were available. The latter analyses on 


A1,A2 
B3,B4 
C5,C6 
D7,D8 Fig 2. Plot of BPTA as measure of hearing loss 
E9 E10 against age for all of available data (Table 3). All 
separate data points are shown. Continuous fat 
F11,F12,F13 lines connect individual longitudinal data in 3 
patients with significant progression as appar- 
G14,G15 ent from their ATI (C5, C6, and F11). Dashed 
thin lines connect individual longitudinal data in 
H16,H17 
other cases. 
[18,119,120 
K24,K25 
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TABLE 4. BINAURAL PURE TONE AVERAGE AND REGRESSION ON AGE FOR PREVIOUSLY REPORTED PATIENTS 
FOR WHOM SUFFICIENT FOLLOW-UP DATA WERE AVAILABLE 


Regression Parameters 


Case Age and Binaural Audiologic ATI SD 
Reference No. Pure Tone Average Phenotype Genotype r (dB/y) | (dBly) 
Gorlin et al!5 (One case) 4y57dBHL;5y85dBHL; III 4S. 307 4.41 
9 y 90 dB HL 
Karjalainen et al!6 Case 1 36 y 64 dB HL; 44 y 63 dB HL; II USH3* 79 0.5318 0.405 
51 y 72 dB HL 
Case 3 9y 52 dB HL; 18 y 59 dB HL; III USH3* 1.00 0.875 | 0.041 
32 y 72 dB HL 
Case 4 10 y 86 dB HL; 24 y 102 dB HL; III USER” 98 0.939 0.177 
31 y 105 dB HL 
Case 5 9 y 28 dB HL; 20 y 62 dB HL; III ? 98 2.45 0.487 
27 y 71 dB HL 
Case 7 5 y 63 dB HL; 13 y 77 dB HL; III ?* 91 3.82 1.794 
17 y 113 dB HL 
Case 8 7 y 59 dB HL; 8 y 75 dB HL; III ?* 592 3:50 1.443 
15 y 92 dB HL 
Sankila et al!” Case II-1, 7y55dB HL; 8 y 80 dB HL; III USH3 .80 3.08 1.338 
family 15 10 y 97 dB HL; 1$ y 98 dB HL; 
18 y 108 dB HL 
Pakarinen et al!8 Case II-5, 35 y 73 dB HL; 42 y III USH2A* 22.6 
family 7 »100t dB HL; 51 y 115 dB HL 


Italics indicate significant values. 
*Dr L. Pakarinen, personal communication 1995. 
TNot measured at 2 and 4 kHz (pure tone average right ear). 





the one hand clearly demonstrated heterogeneity in 
the progression of hearing loss in our patients, whereas 
on the other hand there was no significant difference 
in progression between our 3 cases with the most 
convincing progression and the similar cases previ- 
ously reported for which sufficient data were avail- 
able. Perhaps there is still lack of sufficient data, but 
it should be emphasized that 3 of our cases and 1 case 
previously reported (case 3 of Karjalainen et al!) 
showed significant progression. 


The Dutch families are homogeneous with regard 
to linkage, and all are type 2A. Thus, the source of 
variation in audiologic phenotype seen here is not due 
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to different mutations at different USH loci (insofar 
as presently known and therefore screened in our 
patients). 


These results argue only that phenotypic variation 
in terms of the progression of hearing loss occurs 
within the Usher's 2A sample of families. There is 
only a single previous report that noted no difference 
between the hearing loss seen in type 2A versus 2B.!° 
Thus, an investigation into possible audiologic dif- 
ferences between the type 2A and 2B subtypes is in 
order. 


There are no linkage data published from families 
with the tentative clinical “type III Usher’s,” ie, 


* Gorlin 
= case 1 USH3 
* case 3 USH3 
- case 4 USH3 Fig 3. Plot of BPTA against age for previously 
— case 5 ? reported patients, most of whom have disease 


designated as Usher's type III, with sufficient 
follow-up data to allow regression (solid lines) 
or trend (dashed lines) analysis (Table 4). Data 
for patients II-2, II-4, and II-5 were obtained 
from Dr L. Pakarinen (family 7, personal com- 
munication 1995). 


case 7 ? 


Il-2 USH2A 
Il-4 USH2A 
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progressive hearing loss, such as the patients de- 
scribed by Gorlin et al!5 and Karjalainen et al!® whose 
hearing data were included in the present analysis 
(Fig 3 and Table 4), with one exception. Most re- 
cently, in the Finnish population Usher’s syndrome 
type III has been linked to chromosome 3q (USH3 
locus), and some of the cases included in our 
analysis (Table 4 and Fig 3) recently turned out to be 





USH3. It seems that we have to face the situation that 
not only Usher's III patients but also Usher's 2A 
patients show, or may show, progression of hearing 
loss. Nevertheless, more detailed and more numerous 
data on the audiologic features of Usher's III patients, 
also based on gene linkage results, will be needed to 
conclude more precisely whether those types can be 
divided clinically only on audiometric data. 
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ROLE OF LEUKOTRIENE B4 AND INTERLEUKIN-8 IN ACUTE 
BACTERIAL AND VIRAL OTITIS MEDIA 
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In order to evaluate the role of polymorphonuclear leukocytes (PMNs) in acute otitis media (AOM), levels of leukotriene B4 (LTB4), 
a potent inflammatory product of PMNs, and interleukin-8 (IL-8), a PMN chemotactic cytokine, were measured in 271 middle ear fluid 
(MEF) samples from 106 children with AOM. Forty-two percent of the patients had evidence of respiratory viral infection. At the time 
of diagnosis, levels of both LTB4 and IL-8 were higher in the MEFs from patients with AOM associated with bacterial or bacterial and 
viral infection than those MEFs containing no pathogen (p < .05). Antibiotic treatment was not associated with a significant change in 
levels of LTB4 or IL-8 in the MEFs obtained 2 to 5 days into treatment, compared to those obtained at diagnosis. Bacteriologic failure 
after 2 to 5 days of treatment was associated with high LTB4 levels in the initial MEFs (p = .05). Recurrence of AOM within 1 month 
was associated with high IL-8 levels in the initial MEF (p = .04). Our findings suggest that LTB4 and IL-8 are produced during acute 
infection of the middle ear, and these PMN-related inflammatory substances may play an important role in delaying recovery or in 


recurrence of AOM. Effective treatment of AOM may require eradication of bacteria by antibiotics, as well as pharmacologic agents that 


modulate PMN functions. 


KEY WORDS — cytokine, interleukin-8, leukotr:ene, otitis media, respiratory disorder, viral disease. 


INTRODUCTION 


Acute otitis media (AOM) is one of the most com- 
mon diseases in children. In spite of numerous effec- 
tive antibiotics available for treatment of AOM, treat- 
ment failures, recurrences, and persistence of middle 
ear effusions still occur with high frequency.!3 A 
better understanding of the pathogenesis of the dis- 
ease may help to develop strategies for effective 
management and prevention of the disease or its 
recurrences. 


Viruses have been shown in the past decade to be 
important etiologic agents of AOM, either alone or in 
combination with bacteria.^? Viruses can also inter- 
fere with bacteriologic and clinical responses to anti- 
bioticsin AOM.© One possible mechanism bv which 
viruses interfere with response to treatment is that 
viral infection of the respiratory tract or the middle 
ear induces or enhances local synthesis of inflamma- 
tory mediators. These mediators can impair phago- 
cytic cell activity and cause increases in vascular 
permeability, mucous secretion, and fluid collec- 
tion.? 


In the early stages of acute inflammatior: of the 
middle ear subsequent to bacterial and viral invasion, 
polymorphonuclear leukocytes (PMNs) have been 


shown to play a major role.101! We have previously 
shown in a guinea pig model that inhibition of PMN 
migration to the middle ear inoculated with bacteria 
is associated with reduced tissue injury.1? However, 
the role of viral-bacterial interaction in PMN chemo- 
taxis and activation needs further definition. In the 
present study, we measured levels of leukotriene B4 
(LTB4), a potent inflammatory product released by 
PMNs, and interleukin-8 (IL-8), a potent PMN chemo- 
tactic cytokine, in middle ear fluids (MEFs) of chil- 
dren with AOM. The presence of these agents was 
then correlated with viral and/or bacterial causes, and 
with clinical and bacteriologic responses to antibiot- 
ics. Previous studies have shown that leukotriene 
(LT) concentrations in human MEFs are closely 
associated with the degree of inflammation and pres- 
ence of bacteria in the middle ear.!?:1^ Interleukin-8 
has not previously been analyzed in MEF. 


MATERIALS AND METHODS 


Between December 1991 and January 1993, 122 
children with AOM were enrolled in an antibiotic 
study. All children were generally healthy outpa- 
tients seen at our primary care clinics. Informed 
consent was obtained from parents or guardians. All 
procedures conformed to the guidelines established 
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by the US Department of Health and Human Services 
and the University of Texas Medical Branch Institu- 
tional Review Board. The diagnosis of AOM was 
based on symptoms of fever, irritability or earache, 
signs of inflammation (red or yellow color or bulg- 
ing) of the tympanic membrane, and the presence of 
MEF as documented by tympanocentesis. No patient 
had received an antibiotic during the previous week. 


At enrollment (visit 1), tympanocentesis was per- 
formed and MEF was obtained for bacterial and viral 
studies. A nasal wash (NW) specimen and venous 
blood were also obtained for viral studies and sero- 
logic studies (acute titers), respectively. An NW 
specimen was obtained by flushing the nostril with 3 
to 5 mL of phosphate-buffered saline solution in a 30- 
mL tapered rubber bulb. The procedure was per- 
formed after tympanocentesis. The patient was then 
randomly assigned to one of two antibiotic regimens: 
penicillin G benzathine and penicillin G procaine 
(Bicillin C-R) 0.6 to 1.2 million units intramuscu- 
larly, followed by 1 mL/kg per day of oral trimetho- 
prim-sulfamethoxazole for 10 days, or ceftriaxone 50 
mg/kg intramuscularly. 


Follow-up visits were scheduled 2 to 5 days after 
initiation of therapy (visit 2), at the end of therapy 
(visit 3, days 9 to 12), and approximately 1 month 
after initiation of therapy (visit 4). At each follow-up 
visit, otologic examination was performed by one of 
the authors (V.M.H. or M.J.O.). During visit 2, a 
second tympanocentesis (MEF2) and a second set of 
viral studies were performed routinely. The patients 
Who received ceftriaxone treatment received the sec- 
ond dose during this visit. Venous blood was ob- 
tained at visit 3 for determination of antibody re- 
sponses to viruses (convalescent titers). The patient's 
condition was considered clinically improved when 
symptoms of AOM (fever, irritability, or earache) 
were alleviated, redness and bulging of the tympanic 
membrane were reduced or absent, and there was no 
drainage of MEF. Clinical failure was defined by 
continued inflammation of the tympanic membrane 
orpurulent drainage, with or without bacterial growth 
in culture. The antibiotic was generally changed 
when clinical failure was observed. Bacteriologic 
failure was defined as isolation of pathogenic bacte- 
rium from MEF2, with or without clinical symptoms. 
Persistent otitis was diagnosed when clinical failure, 
bacteriologic failure, or both were observed at either 
visit 2 or visit 3. Response was considered good when 
clinical and bacteriologic successes were documented 
at visits 2 and 3. At visit 4 the presence of AOM was 
called a recurrence, although a few cases may have 
been persistent. 


Specimen Processing and Virologic Procedures. 


Middle ear fluid was obtained by needle tympano- 
centesis as previously described.!5 Each sample was 
collected in a preweighed vial, which was reweighed 
to within 0.0001 mg. The specimen was processed 
immediately for aerobic bacterial cultures and sus- 
ceptibility testing, by standard methods. The remain- 
ing MEF was diluted with 1.2 mL of phosphate- 
buffered saline solution. After inoculation into cell 
culture tubes, the diluted fluid was centrifuged to 
remove cellular elements, and the supernatant was 
frozen at -70°C for LTB4 and IL-8 assays. 


Viral culture methods for MEF and NW specimens 
have been described previously.® In brief, the speci- 
men was inoculated in two tubes each of primary 
monkey kidney cells, human fibroblasts (MRC-5), 
and HEp-2 cells. For each cell line, one tube was 
incubated at 33?C and the other at 36?C, and they 
were observed daily for 10 days for cytopathic effect. 
Hemadsorption was performed three times, and the 
final identification of viruses was done by standard 
methods. 


Rapid viral antigen detection was performed on 
both MEF and NW specimens. For MEF, detection 
of respiratory syncytial virus (RSV) was performed 
by enzyme-linked immunosorbent assay (ELISA, 
Ortho RSV Antigen ELISA Test, Ortho Diagnostic 
Systems, Inc, Raritan, NJ). For NW specimens, cell 
pellets from centrifuged specimens were smeared 
onto microscope slides and used for rapid antigen 
detection by indirect fluorescent antibody techniques 
using commercially prepared antisera for RSV, in- 
fluenza A and B viruses, parainfluenza viruses (types 
1, 2, and 3), and adenoviruses (Bartels Viral Respira- 
tory Panel, Baxter Healthcare Corp, West Sacramen- 
to, Calif). Viral serologic tests for the same respira- 
tory tract viruses were performed by the indirect 
fluorescent antibody technique. Acute and convales- 
cent sera from the same patient were tested at the 
same time, and a fourfold or higher rise in titers was 
considered a positive result. 


LTB4 and IL-8 Assays. Quantitative determina- 
tions of LTB4 and IL-8 were performed on diluted 
samples of MEFs with commercial ELISA kits for 
LTB4 (Advanced Magnetics, Inc, Cambridge, Mass) 
and IL-8 (R & D Systems, Minneapolis, Minn). 
These assays utilize the "sandwich" immunometric 
technique. The absolute concentrations of LTB4 and 
IL-8 were calculated by comparison with internal 
LTB4 and IL-8 standards. For the LTB4 ELISA kit, 
the detection limit was 8.9 pg/mL, and cross-reactiv- 
ity with LTC4, LTD4, LTE4, 5-hydroxyeicosatetra- 
enoic acid (5-HETE), 12-HETE, and 15-HETE and 
with all prostaglandins was less than 1.0%. For IL-8, 
the detection limit was 4.7 pg/mL, and there was no 
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TABLE 1. NUMBER OF MIDDLE EAR FLUIDS AT FIRST VISIT CONTAINING BACTERIA, VIRUSES, 


OR VIRAL ANTIGENS 
Viruses 
Bacteria CMV Influenza Parainfluenza RSV No Virus Total 
Streptococcus pneumoniae* l 29 31 
Hemophilus influenzae* 2 31 33 
Moraxella catarrhalis* 12 12 
Staphylococcus aureus* 3 2 5 
Other bacteriat 4 4 
Two bacteria l 21 Ze 
Three bacteria 6 6 
Four bacteria l l 
No bacteria l 2 4 49 24 
Total l 3 10 155§ 171 


N = 171 from 106 patients; 45 (42%) patients had evidence of viral infection by antigen detection, culture, or serology. 


CMV — cytomegalovirus, RSV — respiratory syncytial virus. 
*Pure culture. 


+2 Hemophilus aphrophilus, 1 Streptococcus pyogenes, and 1 Pseudomonas aeruginosa. 


§ Sixty-four of these middle ear fluid specimens were from patients with evidence of viral infection, documented by serology or detection of virus 
or virus antigen in nasal wash specimens. Viruses were those above, plus adenovirus, enterovirus, and rhinovirus. 


cross-reactivity with other cytokines tested by the 
manufacturer. The LTB4 and IL-8 concentrations 
were standardized to weight (milligrams) of the MEF. 


Statistical Methods. The LTB4 and IL-8 concen- 
trations in the original MEF specimen (MEF 1) were 
analyzed with SAS / PROC MIXED (SAS Technical 
Report P-229, SAS/STAT Software: Changes and 
Enhancements, 6.07, SAS Institute Inc, Cary, NC, 
1992). The mixed procedure fits mixed linear mod- 
els, including split-plot designs and repeated mea- 
sures. The patient was specified as a random effect, 
the ear as a subunit with compound symmetry for the 
covariance structure, and the microorganism group 
as a fixed effect. Because of the unbalancedness in 
data structure, least-squares means were used for 
multiple comparisons. Although descriptive statis- 
tics in the Tables were computed from measure- 
ments, all analyses, including correlation, were con- 
ducted with logarithm-transformed data because of 
skewedness. Clinical and bacteriologic outcome vari- 
ables were also analyzed with SAS/PROC MIXED. 
All tests of significance were assessed at the .05 level. 


RESULTS 


Study Population. One hundred twenty-two pa- 
tients were enrolled in the antibiotic efficacy study. 
Of these, 106 subjects from whom MEFs were avail- 
able for the LTB4 or IL-8 assay were included in this 
report. Forty-seven (44%) subjects were black, 34 
(32%) white, 22 (21%) Hispanic, and 3 (3%) Asian. 
The ages ranged from 2 months to 4!/2 years (mean 17 
months and median 13 months). There were 61 boys 
and 45 girls. Sixty-five patients had bilateral disease, 
and 41 had only unilateral disease. Of these, 3 pa- 


tients did not return for a follow-up visit. The interval 
between enrollment (visit 1) and the first follow-up 
visit (visit 2) was 2 days in 58 patients, 3 days in 38 
patients, and 4 or 5 days in 7 patients. One hundred 
seventy-one MEFI samples were collected from 106 
subjects, and 110 MEF2 samples were collected from 
72 subjects. 


Microbiologic Data. Virologic studies of the MEF, 
NW, and viral serologic studies separated the 106 
patients into two major groups: those without evi- 
dence of viral infection (n = 61 or 58%), and those 
with acute viral infection (n 2 45 or 42%). Forty-three 
patients were infected with a single virus: RSV, 
adenovirus,® influenza A or B virus,’ parainfluenza 
viruses,? cytomegalovirus (CMV),? enterovirus,? un- 
typed picornavirus,? and rhinovirus.! Two patients 
were infected with both RSV and CMV. Virologic 
and bacteriologic data of 171 MEF1 samples are 
shown in Table 1. One hundred fourteen (67%) 
samples contained pathogenic bacteria with (8) or 
without (106) virus. Sixteen (9%) samples contained 
virus with (8) or without (8) bacteria. Forty-nine 
samples contained neither bacteria nor virus; how- 
ever, 12 of these subjects had viral infection docu- 
mented by NW or serologic studies. 


LTB4 and IL-8 Data. One hundred seventy-one 
MEFI samples from 106 subjects and 110 MEF2 
samples from 72 subjects were available for LTB4 
analysis. The LTB4 concentrations (picograms per 
milligram) in MEFI ranged from 52 to 67,148 (mean 
2.827, median 939). The LTB4 concentrations in 
MEF2 ranged from 41 to 123,318 (mean 5,433, 
median 1,383). One hundred thirty-six MEF1 from 
91 subjects and 75 MEF2 from 55 subjects were 
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TABLE 2. LEUKOTRIENE B4 CONTENTS IN FIRST MIDDLE EAR FLUID SPECIMEN, RELATIONSHIP WITH 
MICROORGANISM IN SPECIMEN, AND CONCURRENT VIRAL INFECTION 


Microorganism Viral Leukotriene B4+ (pg/mg) Interleukin-8§ (pg/mg) 
Group in MEF Infection N Median Mean + SE N Median Mean + SE 
1 Negative - 37 431 1,080 + 430 34 6,137 14,448 + 3,868 
2 Negative + 12 1,069 3,340 + 1,514 5 2,944 7,324 + 3,504 
3 Virus + 8 581 828 + 325 5 5,166 9,843 + 6,216 
4 Bacteria - 54 969 4,712 + 1,418 49 10,240 18,244 + 3,259 
5 Bacteria + 52 1,07 2,323 x 497 35 11,348 22,416 + 4,275 
6 Bacteria and virus + 8 2,552 2,683 + 580 8 52,646 49,057 + 7,790 
MEF — middle ear fluid. 
*Detection of virus or viral antigen in nasal wash specimen or contralateral MEF, or positive viral serologic studies: — — no, + — yes, + — yes or 


no, with positive virus in MEF. 


fStatistically significant differences were detected between group 1 and groups 4, 5, and 6, and between group 3 and group 6. Between groups 1 


and 2, p = .059. 


§Statistically significant differences were detected between group 1 and groups 4, 5, and 6, and between group 6 and all other groups. 


available for IL-8 analysis. The IL-8 concentrations 
(picograms per milligram) in MEF] ranged from 373 
to 124,000 (mean 19,470, median 9,520). The IL-8 
concentrations in MEF2 ranged from 440 to 903,700 
(mean 79,075, median 15,274). The overall levels of 
LTB4 and IL-8 were not significantly different in 
MEF1 and MEF2 samples. The levels of these media- 
tors were also not related to the age of the patient, 
number of episodes of previous otitis media (OM), 
duration of respiratory symptoms, or duration of OM 
symptoms prior to enrollment into the study. No 
obvious correlation existed between the LTB4 and 
IL-8 concentrations in the MEF. The Pearson corre- 
lation coefficients between log-transformed LTB4 
and IL-8 concentrations in MEF] for six microorgan- 
ism groups (see Table 2 for groups) were from —.12 
to .38 (p ».29). | 


LTB4 and IL-8 Versus Viral and Bacterial Infec- 
tions. On the basis of the presence of viruses and 
bacteria, MEF1 samples were divided into six groups 
(Table 2). The levels of LTB4 and IL-8 related 
differently with the various pathogen groups. 


The LTB4 levels in group 4 (bacterial infection), 
group 5, and group 6 (bacterial and viral infections) 


TABLE 3. LTB4 AND IL-8 CONCENTRATIONS IN MEF 
SPECIMEN FROM SUBJECTS WITH VIRUS IN ONE 
MEF SPECIMEN AND NO VIRUS IN 
CONTRALATERAL MEF SPECIMEN 


Leukotriene B4 Interleukin-8 
(pg/mg) (pg/mg) 
Patient — No Virus Virus No Virus Virus 
56 573 3,109 7,630 50,150 
119 2,355 1,736 33,440 71,120 
143 311 1,995 20,300 42,200 
147 96 399 7,360 14,300 
151 346 972 30,900 42,686 


Respiratory syncytial virus was detected in 4 subjects, and influenza 
virus type B in 1 subject. All but 1 patient (No. 151) had same bacteria 
in both middle ear fluid (MEF) specimens. 


were statistically significantly higher than that in 
group 1 (no pathogen). The difference between LTB4 
levels in group 2 (viral infection of the respiratory 
tract) and group 1 (no pathogen) was close to the 
significant level. No statistically significant differ- 
ence was observed for LTB4 levels in group 1 and 
group 3 (virus but no bacteria in the MEF). On the 
other hand, the LTB4 level in group 6 was statistically 
significantly higher than that in group 3 (bacterial 
effect). Other group differences for LTB4 levels were 
not statistically significant. The IL-8 levels were not 
significantly different among groups 1, 2, and 3 
(nonbacterial groups). That is, no virus-related effect 
was observed for IL-8 levels when bacteria were 
absent. However, the IL-8 levels were significantly 
higher in groups 4, 5, and 6 (bacterial groups) than in 
group 1 (no pathogen). In addition, the IL-8 levels in 
group 6 (both bacterial and viral infections) were 
significantly higher than in all five of the other 
groups. Groups 2, 3, 4, and 5 were not significantly 
different for IL-8 levels. 


To demonstrate the effect of viral infection on 
inflammation of the middle ear, subjects with MEF 
samples from one ear containing virus and contralat- 
eral MEF samples containing no virus were com- 
pared as shown in Table 3. The levels of LTB4 were 
higher in the MEFs containing virus than those con- 
taining no virus in all but 1 case (No. 119). For IL-8, 
all MEFs containing virus contained higher IL-8 
levels than the MEFs on the contralateral side con- 
taining no virus. 

LTB4 and IL-8 Versus Clinical and Bacteriologic 
Outcome. Higher levels of LTB4 in MEF1 were 
associated with bacteriologic failure 2 to 5 days after 
initiation of antibiotic treatment (p = .05, Table 4). 
Relationships between LTB4 and IL-8 levels in MEF1 
and clinical outcome at 9 to 12 days (visit 3) and 1 
month (visit 4) are shown in Table 5. At visit 4 (1 
month), the recurrence rate of OM was directly cor- 
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TABLE 4. RELATIONSHIP OF INTERLEUKIN-& AND LEUKOTRIENE B4 CONCENTRATIONS IN MIDDLE EAR FLUID 
SPECIMEN AT FIRST VISIT VERSUS CLINICAL OR BACTERIOLOGIC OUTCOME AT SECOND VISIT 


Leukotriene B4 (pg/mg) 
N Median Mean + SE 
Clinical outcome 
Improved 150 811 2,789 + 547 
Failed 16 1,689 3,366 + 1,627 
P .35 
Bacteriologic outcome 
Cured 91 1,114 3,242 + 819 
Failed 18 2,995 5,684 + 1,766 
p .05 


Second visit was 2 to 5 days after initiation of antibiotiz treatment. 


related with the levels of IL-8 in the MEF1 samples. 


Associations were also evaluated between clinical 
or bacteriologic outcome at visit 2, or type of antibi- 
otic used, and changes in LTB4 and IL-8 levels 
between MEF1 and MEF2 of the same patient (data 
not shown). Failed outcome and type of an-ibiotics 
were not related to increased or decreased levels of 
LTB4 and IL-8. 


DISCUSSION 


Our results point to the important role played by 
the mediators involved in PMN-induced inflamma- 
tion in AOM. While the role of LTB4, a product 
released by PMNs, in the pathogenesis of OM has 
been extensively studied in clinical and experimental 
animal models of bacterial OM,1?:1416.17 it has not 
been studied in viral OM. Furthermore, the role of IL- 
8, a potent chemotactic agent for PMNs, in either 
bacterial or viral OM has not been previously re- 
ported. Clinical investigations regarding the role of 
PMNS in the pathogenesis of AOM are important, 
since we have previously shown in animal models 
that PMNs are the major contributors to early inflam- 
mation in bacterial OM!?; further studies may help 
develop strategies for controlling such inflamma- 


Interleukin-8 (pg/mg) 
N Median Mean x SE 
122 9,234 18,659 x 2,163 
11 22,142 29,658 + 7,447 
35 
76 11,307 22,288 + 2,962 
11 19,360 25,081 + 6,547 


67 


tion. 


Leukotriene B4 is primarily synthesized by PMNs 
as a product of arachidonic acid metabolism via the 
lipoxygenase pathway.!? A study of experimental 
pneumococcal OM in chinchillas has suggested that 
arachidonic acid products, including LTs, in the 
middle ear derive from inflammatory cells, since 
these products appear after influx of inflammatory 
cells into the area.!” Leukotriene B4 promotes chemo- 
taxis of PMNs and eosinophils, increases vascular 
permeability, and causes hyperalgesia. In animal 
models of AOM, the concentrations of LTB4, among 
other LTs, in the MEF have been shown to correlate 
well with the degree of inflammation in the middle 
ear.!5 In subjects with chronic OM, higher levels of 
LTBA are found in bacterial culture—positive MEFs 
than in sterile MEFs.!6 Data from our present study of 
AOM show higher LTB4 levels in the MEF compared 
to those reported by Brodsky et al,!© who measured 
LTB4 concentrations in MEFs from subjects with 
chronic OM effusions. These observations suggest 
that the concentrations of LTB4 may be related di- 
rectly to the acuteness of the middle ear disease, and 
to the degree of inflammation. 


The role of PMNs in virus-induced inflammation 


TABLE 5. RELATIONSHIP OF LEUKOTRIENE B4 AND INTERLEUKIN-8 CONCENTRATIONS IN FIRST MIDDLE EAR 
FLUID SPECIMEN VERSUS CLINICAL COURSE AT THIRD VISIT (DAYS 9 TO 12; END OF TREATMENT) 





OR AT ONE-MONTH VISIT 
Leukotriene B2 (pg/mg) Interleukin-8 (pg/mg) 
N Median Mean + SE N Median Mean x SE 

At visit 3 

Good response 106 749 2,938 + 732 91 7,850 17,675 x 2,547 

Persistent otitis* 56 1,146 2,897 + 659 39 13,224 22,940 + 3,871 

p .18 21 
At 1-month visit 

No recurrence 97 774 2,036 + 306 80 8,331 16,958 + 2,383 

Recurrencet 46 1,031 3,805 x 1,538 33 14,100 28,802 x 5,498 

P .54 04 


*Clinical and/or bacteriologic failure observed at either visit 2 or visit 3. 


tPresence of acute otitis media at visit 4, approximately 1 month after enrollment. 
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of the middle ear is poorly understood. However, 
there is increasing evidence that PMNs can also play 
a major role in inflammation-associated viral infec- 
tion. Previous clinical studies have shown that respi- 
ratory viral infection is associated with the presence 
of LTs, including LTB4, inrespiratory secretions.1920 
In vitro studies have also shown that RS V-exposed 
macrophages and PMNs release leukotrienes.?!:22 In 
the current study, there was a trend for viral infection 
of the respiratory tract in vivo to be associated with 
the production of LTB4 during AOM. In the overall 
analysis among groups of patients with different sites 
and types of infections (Table 2), LTB4 levels were 
higher in MEFs from patients with viral infection of 
the respiratory tract (group 2) compared to those 
associated with no identifiable pathogen (group 1). In 
addition, in 5 of 6 individual patients with disparate 
virologic data between left and right MEFs (Table 3), 
LTB4 levels were higher in MEFs containing viruses. 
It is likely that proinflammatory cytokines and other 
soluble mediators produced locally (eg, in the respi- 
ratory tract or the middle ear) during the acute phase 
of viral illness can prime the PMNs to release LTB4. 


Since LTB4 may be a key inflammatory product 
that sustains inflammation, the effect of antibiotic 
treatment on subsequent levels of LTB4 was also 
evaluated. Treatment with antibiotics did not result in 
a significant reduction in the levels of LTB4 at visit 
2(2to5 days). This observation is in keeping with our 
previously reported observation that levels of hista- 
mine, another potent inflammatory mediator, were 
also not significantly reduced at the same follow-up 
visit.” These observations suggest that treatment of 
AOM may require adjunctive therapeutic agents such 
as antiviral and/or anti-inflammatory agents that re- 
duce the levels of inflammatory mediators or en- 





hance the eradication of bacteria. 


Since the presence of LTB4 indicated the presence 
of PMNs in the middle ear, our detection of IL-8, a 
potent cytokine that promotes the migration of PMNs, 
is also important. In the present study, the levels of 
IL-8 in MEFs correlated with several aspects of OM. 
Higher levels of IL-8 were found in subjects with 
combined viral and bacterial infection of the middle 
ear (group 6) than in all other groups. Furthermore, 
IL-8 levels were higher in MEFs containing bacteria 
and virus, compared to those containing bacteria 
alone (Table 2). This observation suggests that vi- 
ruses contribute synergistically to production of IL- 
8 in the middle ear during bacterial infection. There 
have been numerous reported cell sources of IL-8, 
including monocytes, macrophages, fibroblasts, en- 
dothelial cells, epithelial cells, and lymphocytes.“ 
The sources of IL-8 in the middle ear are most likely 
to be epithelial cells and fibroblasts that have been 
exposed to bacteria and viruses in the earlier stage, 
and macrophages in the later stage. It is interesting 
that higher levels of IL-8 in the initial MEF were 
related to a higher recurrence rate of OM within a 
month of follow-up. The reason for this is not clear. 
In our animal models,!? inhibition of PMN migration 
to the middle ear is associated with a reduced degree 
of inflammation as shown by histology. It is possible 
that increased PMN migration into the middle ear 
leads to an increased and sustained tissue injury, and 
injured tissue may be more susceptible to recurrent 
bacterial invasion. 


In summary, our study suggests that PMNs may 
be important in the bacteriologic and clinical re- 
sponse in AOM. This study highlights the need for 
adjunctive therapies that control the PMN-mediated 
inflammatory response. 
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HIGH-SPEED IMAGING OF VOCAL FOLD VIBRATIONS AND LARYNX 
MOVEMENTS WITHIN VOCALIZATIONS OF DIFFERENT VOWELS 
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Theoretic investigations of the ''source-filter" model have indicated a pronounced acoustic interaction of glottal source and vocal 
tract. Empirical investigations of formant pattern variations apart from changes in vowel identity have demonstrated a direct relationship 
between the fundamental frequency and the patterns. As a consequence of both findings, independence of phonation and articulation may 
be limited in the speech process. Within the present study, possible interdependence of phonation and phoneme was investigated: vocal 
fold vibrations and larynx position for vocalizations of different vowels in a healthy man and woman were examined by high-speed light- 
intensified digital imaging. We found 1) different movements of the vocal folds for vocalizations of different vowel identities within one 
speaker and at similar fundamental frequency, and 2) constant larynx position within vocalization of one vowel identity, but different 
positions for vocalizations of different vowel identities. A possible relationship between the vocal fold vibrations and the phoneme is 


discussed. 


KEY WORDS — high-speed imaging, larynx, vocal fold vibration, vowel. 


INTRODUCTION 


In both the acoustic and the physiologic theory of 
voiced speech sounds, phonation and articulation are 
generally regarded as independent of each other. 
Phonation produces the sound with its general charac- 
teristics, including fundamental frequency (Fo), and 
articulation transforms the sound into a phoneme by 
the resonance pattern (formant pattern) of the vocal 
tract. Yet, two findings indicate that such indepen- 
dence may be limited in practice: the glottal source 
and vocal tract acoustically interact, and the lower 
formants are dependent on the Fo of vocalization. 


Theoretic analysis and simulation of speech based 
on models of speech production show a pronounced 
interaction between vocal tract shape and glottal 
volume flow.1-4 


Analysis of sung vowels indicates a relationship 
among all formants and Fo.>-7 In vowel synthesis, the 
F1 of all vowels, and the F1 and F2 of back vowels, 
have to be altered with alterations of Fo in order to 
maintain the vowel identity.9? A similar observation 
was made concerning natural vowels, produced in 
monotone and in isolation (apart from singing or 
shouting), since the frequency levels of the F1 of all 
vowels, and of the F1 and F2 of back vowels, are 
found to relate to Fo.10-12 


In consequence, a double relationship of glottal 
source and vocal tract is indicated: the glottal source 


is acoustically influenced by the vocal tract shape, 
and the formant pattern of a vowel sound is related to 
Fo, ie, to the frequency of the periodic vocal fold 
movements. In terms of speech production theory, 
the source is influenced by the filter, and the filter 
configuration is adjusted according to one source 
characteristic, the F0. Therefore, the question arises 
whether, in real speech, a physiologic interaction of 
phonation and articulation can be observed. 


As a first step toward experimental evidence, we 
have followed a general approach: Does the vocal 
fold vibration pattern differ for different vowel iden- 
tities being produced? 


Direct investigation of the vocal fold vibrations in 
normal speech is no simple matter because of the 
severe difficulty of portraying the vocal fold vibra- 
tions under natural conditions of speech, and of 
relating the images to acoustic features. None of the 
common "direct" methods, such as electromyogra- 
phy,!> electroglottography (EGG),!415 or strobos- 
copy, 16 could provide an unambiguous illustration of 
these speech movements at a differentiated level. 
However, with the new technique of high-speed 
light-intensified digital image recording, observation 
of the vocal fold movements in real speech became 
possible. This article describes our experimental ap- 
proach, and reports two observations indicating a 
possible relationship between vocal fold movements 
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TABLE 1. INVESTIGATED RECORDINGS 


Vocalization Sex of No. of 
Vowels Type* Speaker Recordings] 
fal l M 4 
fal l F 3 
lef 1 M 2 
fel 1 F 1 
Af 1 M 2 
hf 1 F 1 
lol 1 M 2 
fol 1 F 2 
/u/ 1 M 2 
Ay 1 F 3 
lal, fel, Al, lol, fal 2 F 6 
lal, lel, lil, lol, haf 2 (sung) F l 


*] — Vowel produced in isolation, and sustained at given pitch, 2 — 
all five vowels produced in series within one vocalization, at constant 
fundamental frequency. 

fRecordings with sufficient optical and acoustic quality, which were 
retained for analysis. 


and vowel identity. 


METHOD 


The vocalizations of two healthy adult speakers, 
one woman and one man, were investigated by the 
technique of high-speed light-intensified digital im- 
age recording!’ with transnasal fiberoscopy of the 
larynx, with the tip of the fiberscope in an endo- 
Jaryngeal supraglottic position. 


Vowels and Speakers. 'The five German vowels 
fal, lol, fal, fel, and /i/, vocalized by a woman (29 
years old) and a man (34 years old), were investi- 
gated. 


Vocalization Types. Two different types of vocal- 
izations were studied: either a vowel was produced in 
isolation, and sustained at a given Fo (vocalization 
type 1); or all five vowels were produced in a series 
within one vocalization, at constant F0 (vocalization 
type 2). Different orders of the five vowels within one 
vocalization were investigated. 


At the beginning, we intended only to obszrve the 
vocal fold vibrations within vocalization type 1. But 
when we observed the vibrations of the man, studied 
first, we could see clear adjusting movemenis of the 
entire larynx (approximation of arytenoids, e_evation 
of the larynx, prephonatory adduction of vocal folds) 
in relation to a given vowel identity. Since, often, the 
position of the laryngoscope could not be held con- 
stant between two different vocalizations, we de- 
cided to add the second vocalization type for the 
examination of the woman. Therefore, vocélization 
type 2 is only investigated for the vowels of the 
woman. 


In analyzing. vocalizations of type 1, the move- 


ments within one period of the vocal fold oscillation 
can be investigated, and in analyzing vocalizations of 
type 2, the aforementioned adjustments of the larynx 
can be considered. 


Recordings of Images and Sounds. Approximately 
2.5 seconds of the acoustic and EGG signal were 
recorded in parallel, with a sampling frequency of 10 
kHz. Sound pressure level was measured in decibels 
(A-weighted) at a distance of 1 m (Bruel & Kjaer 
2203). Transnasal fiberscopy of the larynx (Olympus 
P3) was applied to record the relevant 2.5 seconds of 
the vocal fold vibrations with a high-speed light- 
intensified digital camera (Kodak EktaPro EM Mo- 
tion), with a sampling frequency of 3,000 images per 
second (for technical details, see Hess and Gross!?). 
The digitally recorded images were transferred to 
videotape off-line, image by image. 


As a result of this procedure, we obtained three 
recordings that correlate in the time domain, the 
acoustic signal, the images of the vocal fold vibra- 
tions, and the EGG curves. Table 1 gives the numbers 
of recordings that yielded sufficient quality of im- 
ages and sound, and that were retained after the 
vocalization sessions for further analysis. 


Analysis of Vocalizations of Type 1. For each of 
the recordings, first, optical and acoustic quality was 
checked. Second, the constancy of the vocal fold 
movements over the entire duration of a vowel sound 
was examined: the investigators compared the open- 
ing and closing gestures of the vocal folds, period by 
period, using the slow-motion mode of the video 
recorder, and examined whether the entiremovement 
within one period was similar to or different from the 
movement of the subsequent periods. If the investiga- 
tors judged the periodic movements of a vocalization 
to be similar, one single period of the vocal fold 
oscillation in the middle of a vocalization was deter- 
mined and printed out, image by image. Thus, series 
of images showing one oscillation period of the vocal 
folds for a given vocalization were produced. 


In parallel, EGG curves were examined, and the 
pitch periods of EGG and of images were compared. 


Analysis of Vocalizations of Type 2. For each of 
the recordings, again, optical and acoustic quality 
was checked first. Second, the investigators deter- 
mined which time fragments of the entire vocaliza- 
tion related clearly to one vowel identity, and which 
related clearly to transitions from one vowel to an- 
other. The transitions were acoustically easy to rec- 
ognize, since short interruptions of the phonation 
between the vowels were apparent. The selection of 
the time fragments was carried out on the basis of 
acoustic judgment and analysis of the sound spec- 
trum. Third, for each of the time fragments deter- 
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TABLE 2. OPEN QUOTIENT FOR DIFFERENT VOWELS OF MALE SUBJECT WITHIN ONE PERIOD OF VOCALIZATION 


Vowel Ratio of “Opened” to “Closed” 
fal 16:12 = 1.33 
lal 17:12 = 1.42 

(16:13) = (1.23) 
lal 18:10 = 1.8 
lal* 19:9 = 2.11 
lel 18:10 = 1.8 
(17:11) = (1.55) 
lef 19:13 = 1.46 
(20:12) = (1.67) 
lol 16:12 = 1.33 
lol 15:13 = 1.15 
ñl 15:13 = 1.15 
Al 12:16 = 0.75 
(11:17) = (0.65) 
/u/* 12:16 = 0.75 
(11:17) = (0.65) 
ha/ 10:19 = 0.53 


(11:18) = (0.61) 


No. of 
Open Imagesper FO Sound Pressure 
Quotient Period (Hz) Level in dB(A) 

0.57 28 107 70 
0.59 29 104 72 
(0.55) 

0.64 28 107 68 
0.68 28 107 70 
0.64 28 107 66 
(0.61) 

0.59 32 94 66 
(0.63) 

0.57 28 107 64 
0.54 28 107 66 
0.54 28 107 61 
0.43 28 107 60 
(0.39) 

0.43 28 107 65 
(0.39) 

0.35 29 104 66 
(0.38) 


In column 2, if determination was ambiguous, second ratio is given in parenthesis. 


F0 — fundamental frequency of period. 
*Compare Fig 1. 


‘mined, several images at different points in time were 
selected and printed out. 


Thus, series of images were produced showing the 


vertical laryngeal placement and endolaryngeal ad- ` 


justments for one vowel, as mentioned above, and 
showing the laryngeal adjustment between two dif- 
ferent vowels. 


RESULTS 


Having analyzed all the empirical material, we 
obtained four main findings. 


Methodological Problem of Small Number and 
Inconsistent Quality of Recordings. As may be ex- 
pected, there are several problems inherent in the 
method of investigating the relationship between 
vocal fold behavior and vowel sounds. On one hand, 
the investigation itself is inconvenient for the indi- 
viduals examined. Local anesthesia has to be re- 
peated several times. The placement of the fiberscope 
is critical, and many recordings were therefore of 
impaired quality and had to be repeated severaltimes. 
On the other hand, the sampling frequency for the 
images is problematic. If the sampling frequency is 
>3 kHz, the image size becomes too small for analy- 
sis, because it decreases with increasing sampling 
frequency.!7 But we consider a sampling frequency 
of 3 kHz as already too low for the analysis of the 
periodic vocal fold movements of a woman. 


In consequence, despite extensive recording time 


and expensive material, variable recording quality 
and a limited frequency range of Fo resulted. We 
therefore decided to limit our examination to two 
basic observations concerning the periodic move- 
ment of the vocal folds and the larynx position. 
Because of the differences in the recorded vocaliza- 
tion types between the man and woman, and because 
of the. higher Fo for vocalizations of type 1 by the 
woman, the vocalizations of the man were analyzed 
with regard to the relationship between the vocal fold 
movement within one oscillation period and the vowel 
identity; the vocalizations of the woman were ana- 
lyzed with regard to the relationship between the 
larynx position and the vowel identity. 


Tendency Toward Vowel-Dependent Movements 
of Vocal Folds. The authors judged the form of a 
periodic movement of the vocal folds to be similar 
within one vocalization, in the sense that a compari- 
son of different periods within one vocalization shows 
similar movement processes of opening and closing 
gestures. Conversely, there is no general similarity 
between the different vocalizations of the man, de- 
spite the fact that the frequency levels of Fo are 
similar. In consequence, the question arises as to 
whether these differences relate to different phona- 
tion properties aside from the phoneme identity, or 
whether they are related to the- vowel itself. To 
answer that question, a first step toward quantifica- 
tion is needed. Thus, we decided to examine the 
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A 


relationship between the “opened” and the “closed” 
glottis within one period, in the sense of establishing 
a numeric ratio of images, to determine the open 
quotient (OQ; see formula below). The glottis was 
regarded as “opened” if the vocal folds did not touch 
each other over more than half their length. Other- 
wise, the glottis was regarded as “closed.” 


The formula applied is OQ = [N(0) [N(p)], where 
N(o) is the number of images within the period 
showing an “open” glottis, and N(p) is the number of 
images of the entire period. 


By calculating the OQ for those recordings of the 
man that were sufficient in regard to optical and 
acoustic quality, we obtained numeric results as given 
in Table 2. These values indicate a tendency toward 
a vowel-dependent OQ. For the vowels /a/ and /e/, the 
"opened" phase of the oscillation period is longer 
than the "closed" phase; the same holds true for /o/, 
but less markedly; and inversely, for /u/, the "closed" 
phase is longer than the “opened” one. For /i/, the 





Fig 1. Two periods of two different 
vowels — A) vowel /v, and B) vowel 
/a/ — in sense of opening and closing 
gesture of vocal folds. Both vowels 
were produced by same male subject. 
Fundamental frequency is 107 Hz; 
corresponding image number for one 
period is 28. Comparison represents 
example of different vocal fold move- 
ments within vocalizations of same 
speaker. For /u/, vocal folds are held 
“closed” longer than “opened” within 
period, but inverse ratio is found for 
/a/ (for numeric values, see Table 2). 
(Continued on next page.) 


variations are large, and the values lie somewhere 
between those of /o/ and /u/. The most obvious 
difference is found for /u/ compared with /a/ and 
lel. Figure 1 gives acomparison of /u/ and /4/ illustrat- 
ing this difference. 


We also examined the vowels produced by the 
woman, and here we obtained ambiguous results. 
The range of F0 was =272 Hz, and the corresponding 
length of a period was <11 images. The determina- 
tion of the OQ was not as clear as in the vowels of the 
man, mostly because the resolution of the period was 
much too low. No evidence was found for an unam- 
biguous difference between /u/ and /a/. We could not 
find any clear indications as to whether this finding 
was a consequence of an insufficient sampling rate 
for the images, or whether the differences in the vocal 
fold movements observed in the case of the man were 
only accidentally related to the vowel identity. 


Incongruency of EGG Curves and Images of 
Vocal Fold Vibrations. Having noted such differ- 
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Fig 1, continued. Vowel /a/. 


ences in the vocal fold behavior of the man within one 
oscillation period on the basis of the high-speed 
recorded images, we tried to find parallel differences 
in the related EGG curves. We estimated closed 
quotients from the EGG signals for the time frag- 
ments that related to the high-speed recorded images 
(bandwidth of the upper peak 30% below period to 
period distance was measured for the closed phase), 
and then derived OQs. A comparison of the vocaliza- 
tions with different vowel identities showed similar 
values for the four vowels /o/, /a/, /e/, and /i/. Only the 
vocalizations of /u/ showed markedly lower values 
than the other vocalizations. In consequence, con- 
cerning the OQ, no simple parallelism of high-speed 
images and EGG curves was found. Conversely, the 
Fo of images and EGG coincided for all vocalizations 
investigated. 


Different Larynx Positions for Different Vowels. 
When the vocalizations of the woman (vocalization 
type 2) were examined, all of the six normal vocal- 





ized vowel series showed a clear movement of the 


larynx position between two vowels. When produc- 
ing a vowel, the woman held the larynx position 
constant, but when she changed from one vowel to 
another, she altered that position, in the sense that a 
rearrangement of the entire larynx structure was 
observed (approximation of arytenoids, elevation of 
larynx, prephonatory adduction of vocal folds). Fig- 
ure 2 gives two examples of such vowel-dependent 
larynx placements. 


Only for the sung vocalization did we have diffi- 
culty determining distinct larynx positions that could 
clearly be related to the different vowels. 


DISCUSSION 


Our initial question was whether the vocal fold 
vibration pattern differs for different vowel identi- 
ties. The results obtained do not allow for any final 
conclusion, but two observations indicate a possible 
interdependence of vocal fold vibrations and vowel 


980 Maurer et al, Vocal Fold Vibrations of Different Vowels 








identity. First, within the normal vocalizations of one 
speaker (chest register) and at similar Fo, different 
movements of the vocal folds can be observed for 
different vocalizations, and the differences we ob- 
served tended to be related to the vowel identities. 
Second, placement movements of the larynx that are 


Fig 2. Two examples of larynx move- 
ments within two vocalizations of five 
vowels in series. Both vowel series 
were produced by same female sub- 
ject. A) Vocalization of five vowels in 
series. For each vowel identity, two 
positions of larynx at different points 
in time are given first, and vowel 
identity is assigned on left; between 
these images, two positions of larynx 
at different points in transition time 
between two subsequent vowel iden- 
tities are given (eg, images 1 and 2 for 
/a/, images 3 and 4 as transition to 
images 5 and 6 for /e/, images 7 and 8 
as transition to images 9 and 10 for 
/i/, etc). B) Vocalization of same five 
vowels as in A, but with vowels in 
different order. When vowel was pro- 
duced, larynx was held in constant 
position (compare two images on left 
of any line, marked with vowel iden- 
tity); but when vocalization proceeded 
from one vowel to another, larynx 
obviously changed its position (com- 
pare two images on right side of any 
line, representing transition from pre- 
ceding to following vowel identity 
within same vocalization series). In 
all images, epiglottis is seen at bot- 
tom, and arytenoids during adduction 
form upside-down V-shape on top 
of images. Different adduction dis- 
tances for false vocal folds are ob- 
served. Furthermore, different dis- 
tances between tip of fiberscope and 
vocal folds indicate laryngeal vertical 
placement changes. 


clearly related to vowel identity can be observed 
within one vocalization of different vowels. These 
placements can be interpreted as a part of the adjust- 
ment of the vocal tract, but, conversely, they can also 
indicate a regulation of the vocal folds, since they 
include adjustments of the arytenoids, as mentioned 
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above. 


Theresults are preliminary, since they are based on 
two single case studies, but they show that no simple 
evidence is given for a uniform vocal fold vibration 
pattern in normal speech. 


A possible relationship between vocal fold move- 
ments and vowel identity, as indicated in our study, 
may be mainly explained as a consequence of either 
1) individual phonation characteristics of the subjects 
examined, in the sense that the tension of the vocal 
folds is not held uniform for different phonemes in 
speech, or 2) the acoustic influence of the vocal tract 
shape. Obviously, the observed differences of the 
vocal fold movements could also mirror both influ- 
ences in combination. 


However, further investigations should also con- 
sider a vowel dependence of phonation apart from 
individual phonation characteristics and from acous- 
tic interaction of glottal source and vocal tract, even 
if such dependence may appear as unlikely within the 
traditional understanding of phonation and articula- 
tion. As mentioned above, recent findings indicate 
that the parallelism between vowel identity and char- 
acteristic formant pattern is in contrast to the Fo 
dependence of the pattern. In addition, number alter- 
ations of the formants (“one-formant” back vowels 


and “two-formant” front vowels) can regularly be 
found in real speech, particularly in women and 
children (for example, see Maurer and Landis!2). 
Moreover, a physiologic investigation of possible 
articulatory variations apart from changes in vowel 
identity indicated that there is only a partial and vague 
correlation between articulator positions and the vowel 
sound being produced.!? In consequence, there is no 
simple parallelism between one vocal tract configu- 
ration and one vowel identity, and the physiological 
process of articulation is not satisfactorily under- 
stood. Hence, theoretic assumptions concerning a 
possible interdependence of articulation and phona- 
tion have to be cautiously considered, since both 
physiologic processes are closely linked to each 
other. 


On the basis of these considerations, we conclude 
that the question of the physiologic role and interac- 
tion of phonation and articulation.has to be investi- 
gated in more detail. One ofthe mostimportant topics 
concerns the relationship between observable vocal 
fold movements and their acoustic correlates, aside 
from pitch alterations and aside from speech disor- 
ders. For such an investigation, the experimental 
technique has to be refined, in order to examine a 
larger body of material. 
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DISTORTION PRODUCT OTOACOUSTIC EMISSION TEST OF 
SENSORINEURAL HEARING LOSS IN HUMANS: 
COMPARISON OF UNEQUAL- AND EQUAL-LEVEL STIMULI 


XIAO-MING SUN, MD DUCK O. KIM, DSC 
FARMINGTON, CONNECTICUT FARMINGTON, CONNECTICUT 
MARJORIE D. JUNG, MS KENNETH J. RANDOLPH, PHD 
FARMINGTON, CONNECTICUT STORRS, CONNECTICUT 


Distortion product otoacoustic emissions (DPOBESs) at the frequency of 2f1 - f2 (f1 < £2) were measured in 77 human adult ears with 
normal hearing or sensorineural hearing loss. The purpose of this study was to compare the performances of DPOE tests conducted with 
two sets of stimuli: 1) L1 = 65, L2 = 50 dB sound pressure level (SPL) re 20 uPa ( 65/50"), and 2) Li = L2 = 65 dB SPL (“65/65”). Half- 
octave DPOE root-mean-square levels at 1,000, 2,000, 4,000, and 6,000 Hz were computed from the initial DPOEs measured at 0.25- 
octave intervals. Correlation coefficient and decision-theory analyses were applied to evaluate the DPOE test performance. For both 
stimuli, DPOE level exhibited significant correlation with pure tone hearing threshold. When the criterion DPOE level distinguishing 
normal from impaired hearing was adjusted, the curves of sensitivity and specificity crossed, and the values at the crossing were higher 
than 8046 at frequencies of 2,000 to 6,000 Hz for both stimuli. The area under the receiver operating characteristic (ROC) curve, which 
provides an overall evaluation of the test performance independent of the criterion DPOE level, was .90 or higher at 2,000 to 6,000 Hz 
for both stimuli. At 2,000 and 4,000 Hz, all measures of test performance were higher for the 65/50 stimulus than the 65/65 stimulus: 
area under the ROC curve (.96 to .97 versus .90 to .91, statistically significant, p « .001, Wilcoxon test), sensitivity/specificity (90% to 
93% versus 80% to 85%), and correlation coefficient (.78 to .87 versus .66 to .79). At 1,000 and 6,000 Hz, the performances of the DPOE 
tests were similar for the two stimuli. These results support the conclusion that a DPOE test with L1 = 65 and L2 = 50 dB SPL provides 
a better performance than that with L1 = L2 = 65 dB SPL and recommend the use of stimuli with L1 being higher than L2 by about 15 
dB. These results also support a growing view that 2f1 ~ f2 DPOEs can be utilized clinically as a reliable method of testing human 
sensorineural hearing loss. 


KEY WORDS — audition, cochlea, ear, predictive efficiency, receiver operating characteristic, sensitivity, specificity. 


INTRODUCTION DPOE level on the frequency ratio of the two prima- 

Distortion product otoacoustic emissions (DPOEs) ries has been systematically studied. ^5 These studies 
were recorded acoustically in the ear canal in both found that an f2/f1 ratio of about 1.22 was generally 
humans! and animals?? many years ago. It is gener- optimal to produce the highest DPOE level in normal 
ally accepted that active, nonlinear biomechanical human ears, although slight variation was present for 
properties of the cochlea are responsible for generat- different frequencies, stimulus levels, and subjects. 
ing DPOEs. By virtue of their noninvasiveness and Input-output functions derived in many investiga- 


frequency specificity, DPOEs are being developed tions?" have confirmed that the DPOE level is af- 
into important laboratory and clinical methods for fected by the primary-tone level. Although the pri- 


monitoring the functional status of the cochlea. The mary levels were varied in these studies, they were 

2f1—f2componentis most prominent among DPOEs mostly equal levels, ie, L1 = L2. 

for two primary tones having frequencies of f1 and f2 The level difference L1 — L2 has been less system- 

(f1 < f2), and hence is most commonly employed in ^ — atically investigated in studies of human DPOEs than 

studies of DPOEs. the f2/f1 ratio. Experiments in animals9? observed 
Stimulus parameters, such as the frequency ratio that the primary tones were most effective when L1 


f2/f1, the levels of the primary tones L1 and L2, and was 5 to 15 dB higher than L2. The findings of 
the level difference L1 — L2, influence DPOEs. It has psychoacoustic studies!? agreed with this. In human 
become evident that the DPOE level varies with the ears with normal hearing, Gaskill and Brown? and 
frequencies of the primary tones. The dependence of Hauser and Probst!! observed that stimuli with L1 
From the Division of Otolaryngology, Surgical Research Center, Department of Surgery (Sun, Kim, Jung), and the Neuroscience Program (Kim), 
University of Connecticut Health Center, Farmington, and the Department of Communication Scierices, University of Connecticut, Storrs (Sun, Kim, 
Randolph), Connecticut. This study was supported in part by the Division of Otolaryngology, Surgical Research Center, Department of Surgery, 
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being higher than L2 by 5 to 20 dB produced maxi- 
mum DPOE levels. While experimentally altering 
the endocochlear potential in animals, Mills et al? 
made an important finding that the amount of reduc- 
tion in DPOE level produced by cochlear impairment 
was the greatest when L1 was higher than L2 by about 
10 to 15 dB. They recommended the use of DPOEs 
with L1 about 10 dB above L2 for monitoring co- 
chlear function. No information was available for 
human ears, until recently,!> about a possible differ- 
ential effect of cochlear impairment on DPOEs for 
equal versus unequal levels of the primary tones. For 
testing human sensorineural hearing loss, one may 
predict from the animal results of Mills et al that a 
DPOE test with L1 — L2 = 15 dB should be more 
effective than that with L1 = L2. The present study 
was specifically designed to examine this prediction. 
Accordingly, we conducted a study evaluating the 
performances of DPOE tests with the two types of 
stimuli for detecting human sensorineural hearing 
loss. The test performance was evaluated in terms of 
the sensitivity, specificity, predictive efficiency,!4 
and area under the receiver operating characteristic 
(ROC) curve.1516 This study was presented at the 
1995 meeting of the Association for Research in Oto- 


laryngology.!? 
MATERIAL AND METHODS 


Subjects. Data were collected from 77 ears of 44 
human adult subjects 18 to 75 years old. Subjects, 
selected without targeting sex or race, had good 
general health by history, and were taking no medi- 
cations on a regular basis. All ears presented a normal 
(type À) tympanogram and air-bone gaps of less than 
10 dB. Voluntary consent was acquired for every 
subject. 


We defined normal hearing threshold to be 20 dB 
hearing level (HL) (re: ANSI, 1969) or better at each 
of the standard audiometric frequencies (0.25, 0.5, 1, 
2, 4, and 8 kHz; and 3 and 6 kHz when tested) and an 
average of these thresholds of 10 dB HL or better. Of 
the 77 ears, 32 ears from 20 subjects showed normal 
hearing. Hearing loss was defined to be 25 dB HL or 
worse at any frequency. Forty-five ears from 28 
subjects exhibited sensorineural hearing loss. The 
amount of hearing loss in this group ranged from 25 
to 95 dB. Of the 45 ears, 18,18, 6, and 3 ears had mild 
(25 to 40 dB), moderate (45 to 60 dB), severe (65 to 
80 dB), and profound (285 dB) hearing loss, respec- 
tively, according to the maximum amount of hearing 
loss across frequency. We did not specifically target 
any particular audiometric pattern of sensorineural 
hearing loss. The audiograms of the hearing-im- 
paired ears of this study were of the following types: 
1) with a gradual slope (315 dB/octave) falling to- 


ward the high frequencies (9 ears); 2) with a steep 
slope (220 dB/octave) falling toward the high fre- 
quencies (19 ears); 3) with a trough, often centered at 
3 to 4 kHz (15 ears); and 4) irregular (2 ears). This 
sample excluded retrocochlear hearing loss as judged 
by audiologists and otolaryngologists. 


Seven ofthe subjects had normal hearing in one ear 
and hearing loss in the other ear. When the normal- 
hearing ears were analyzed as a group, the age of the 
subjects was restricted at 18 to 35 years in order to 
minimize the influence of age. We required the nor- 
mal-hearing ears to have a history negative for long- 
term noise exposure, ototoxic drug administration, 
earinfections, and familial hearing impairment. Twen- 
ty-five ears fell into this group. 


Apparatus and Stimulus Parameters. The DPOE 
measurement system, including the stimulus genera- 
tion and response detection equipment, is the same as 
those described in previous reports from our labora- 
tory,1518 Briefly, this system consisted of an IBM 
PC-compatible computer, an Ariel DSP-16 board 
containing two-channel 16-bit digital-to-analog and 
analog-to-digital converters installed in the com- 
puter, two ER-2 earphones, and an ER-10B low- 
noise microphone system (including an amplifier 
that provides 40 dB gain). The data were collected by 
means of the “2f1 — f2 DPOE level versus frequency" 
paradigm. The f2/f1 ratio was kept at approximately 
1.2 (varying from 1.18 to 1.23). The frequencies f1 
and f2 were varied at 0.25-octave steps. Two sets of 
primary tone levels were used: 1) L1 =65 and L2 — 50 
dB sound pressure level (SPL) re 20 micropascals 
(referred to as “65/50”) and 2) L1 = L2 = 65 dB SPL 
(“65/65”). 


Procedure and Data Treatment. Measurements 
were made with subjects seated inside a sound-at- 
tenuated chamber (Industrial Acoustics Co). Sub- 
jects were instructed to remain as quiet as possible 
during the test periods, Calibration of the acoustic 
stimulus level was performed as described previous- 
ly.!618 One complete series of measurements lasted 
about 15 minutes per ear. 


To smooth out peaks and troughs of DPOE level 
versus frequency, we converted the original DPOEs 
obtained at 0.25-octave intervals into half-octave 
root-mean-square (RMS) DPOE levels. This proce- 
dure, the same as described by Smurzynski et al,!9 is 
illustrated in Fig 1 with results from one normal- 
hearing ear. The DPOE levels originally measured at 
0.25-octave intervals are shown in the left column of 
Fig 1, and the half-octave RMS DPOE levels derived 
from the original data, in the right column. The top 
two rows correspond to the two different stimulus 
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conditions, and the bottom row, to a comparison of 
the above two. The example illustrates that the peaks 
and troughs of the original data are smoothed in the 
right column. Values of half-octave RMS DPOE 
levels at the standard frequencies, ie, 1,000, 2,000, 
4,000, and 6,000 Hz, were interpolated from adjoin- 
ing data within 0.25 octave of a standard frequency. 


A number of studies?20-2 have suggested that the 
2f1 —f2 DPOE is generated in an overlap region of the 
two primary frequencies along the cochlea. Consid- 
ering the cochlear traveling wave envelopes associ- 
ated with closely spaced f1 and f2 frequencies (eg, 
Figure 1 of Kim et al!®), we anticipate that when L1 
is equal to L2, the maximum overlap of the two 
frequency envelopes is located between the f1 and f2 
places, and that when L1 is higher than L2 by 10 to 15 
dB, the maximum overlap is close to the fz place. 


f, or (f, x £^ (kHz) 


From this reasoning, we paired the DPOE level with 
pure tone threshold at a frequency of f2 when L1 — L2 
= 15 dB, whereas we paired the former with pure tone 
threshold at a frequency of (f1 x f2)95 when L1 = L2. 
From the same reasoning, we plotted DPOE level 
versus f2 for the 65/50 condition (Fig 1, top row), 
while plotting DPOE level versus (f1 x £2 )05 for the 
65/65 condition (Fig 1, middle row). In this context, 
for a particular frequency of pure tone threshold 
under consideration, the value of f2 under the 65/65 
condition was slightly higher (by a factor of 1.095) 
than that of the 65/50 counterpart. This difference 
was small, less than 10%, in this study where f2/fi 
was 1.2. 


The analysis was made at frequencies of 6,000, 
4,000, 2,000, and 1,000 Hz. Data for frequencies 
lower than 1,000 Hz and those for 8,000 Hz were not 
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L,-L,-65 dB SPL 


L,-65, L,-50 dB SPL 


Fig 2. Relationship between pure tone hearing 
threshold and half-octave RMS DPOE level 
for group of human adult ears. For left column, 
L1 =65 and L2 = 50 dB SPL, and right column, 
L1 = L2 = 65 dB SPL, pure tone audiometric 
frequency corresponded to f2 and (f1 x f2)95, 
respectively. Dotted horizontal line at 23 dB 
hearing level (HL) represents boundary sepa- 
rating normal versus impaired hearing thresh- 
olds, and vertical dotted line represents crite- 
rion DPOE level for DPOE test. Vertical ar- 
row in lower left part of each panel represents 
average noise floor for frequency of measure- 
ment. Straight line running through data points 
is linear regression line. Number of tested ears 
(N) and correlation coefficient (r) are shown 
in panels. 


pure-tone hearing threshold ( dB HL re: ANSI, 1969 ) 


included in this analysis for the following reasons. 
Data below 1,000 Hz had low signal-to-noise ratios, 
and half-octave RMS DPOEs for 8,000 Hz would 
require raw data at 0.25 octave above 8,000 Hz, 
which were not measured. Additional discussions 
about the 8,000-Hz condition are provided in the 
Discussion. 


RESULTS 


Correlation Analysis. A Pearson product-moment 
correlation coefficient!4 was applied to the relation- 
ship between the DPOE level and pure tone hearing 
threshold for a group of 77 ears with normal hearing 
or sensorineural hearing loss. The results are shown 
as scatter plots in Fig 2. The left and right columns 
represent the 65/50 and 65/65 stimuli. The four rows 
represent four different frequencies. The solid straight 
line running through the data points is a linear regres- 
sion line. The correlation coefficient, r, ranged from 





4000 Hz 
r = 0.87 
N = 75 ears 


-20 0 20 -40 -20 0 20 


half-oct. RMS DPOE level (dB SPL) 


.49 to .87 for 65/50 and .43 to .80 for 65/65. The 
positive regression line reflects a tendency for an ear 
with a better pure tone hearing threshold to exhibit a 
higher DPOE level. All of the correlations were 
statistically significant (p « .01). However, in terms 
of the percentage of predictable variance, the r? 
values were greater than .5 (ie, r > .71) only for some 
of the conditions, ie, 65/50 at three frequencies, 
except for 1,000 Hz, and 65/65 at 6,000 and 4,000 Hz. 
One may consider that an r value higher than .71 is 
statistically meaningful, since the independent vari- 
able can predict 5096 or more of the variance of the 
dependent variable in such a case. In this regard, we 
consider that the correlation between DPOE level 
and pure tone hearing threshold is strong for the 
above conditions. 


Performance of DPOE Test. In each panel of Fig 
2, acriterion pure tone hearing threshold of 23 dB was 
used to separate normal from impaired hearing, as 
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Fig 3. Sensitivity, specificity, and predictiv2 efficiency versus criterion DPOE level for data obtained with Li = 
65, L2 = 50 dB, shown in upper half, and L1 = L2 = 65 dB in lower half. Results were derived from data shown 


in Fig 1. 


indicated by a horizontal dotted line. This criterion is 
consistent with the definitions of normal hearing and 
hearing loss stated in Material and Methods. The 
present DPOE test of hearing loss corresponded to 
designating an ear to be of normal or impaired hear- 
ing, depending on whether the DPOE level was 
greater orless than a criterion DPOE level. A vertical 
dotted line in each panel of Fig 2 represents such a 
criterion DPOE level. With the two dotted lines, the 
panel is divided into four quadrants corresponding to 
four possible outcomes of the DPOE test as compared 
with the “gold standard” of pure tone hearing thresh- 
old, ie, true positive (lower left), true negative (upper 
right), false positive (upper left), and false negative 
(lower right). 


The sensitivity, specificity, and predictive effi- 
ciency were computed from the number of data 
points in the four quadrants. The sensitivity, also 
called the hit rate, is defined to be the probability that 
a test correctly identifies the presence of a disorder 
such as a hearing loss.14 Accordingly, the sensitivity 
was estimated to be [true positives/(true positives + 
false negatives)]. The specificity, also called the 
correct rejection, is defined to be the probability that 
a test correctly detects the absence of a disorder. 
Thus, the specificity was estimated to be [true nega- 


tives/(true negatives -- false positives)]. The predic- 
tive efficiency is defined to be the overall probability 
for the outcome of a test to be correct. Thus, it was 
estimated to be [(true positives + true negatives)/all 
cases]. These measures of performance forthe present 
DPOE tests are shown in the Table for the two stimuli 
at four frequencies. At the three highest frequencies, 
6,000, 4,000, and 2,000 Hz, the values of sensitivity, 
specificity, and predictive efficiency of the DPOE 
tests were relatively high, 82% to 93%, for both of the 
two stimuli, while they were below 70% at 1,000 Hz. 
Comparing the two stimuli, the 65/50 stimulus yielded 
better performance at 4,000 and 2,000 Hz than the 65/ 
65 stimulus in all of the three performance measures, 
while they were similar at 6,000 Hz and 1,000 Hz. 


The values of sensitivity, specificity, and predic- 
tive efficiency were affected by the choice of a test 
criterion. In general, the sensitivity and specificity 
change inversely with the change of a test criterion. 
Theeffects of varying the criterion DPOE level on the 
three measures of test performance are shown in Fig 
3. Here, the four columns represent the four frequen- 
cies, while the upper and lower halves represent the 
65/50 and 65/65 stimuli. In the top and third rows, it 
can be seen that an increase of the criterion DPOE 
level led to an increase of the sensitivity and a 
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Fig 4. Receiver operating characteristic (ROC) 
curves corresponding to sensitivity, or hit rate, 
versus (1 - specificity), or false alarm rate of 
DPOE test of sensorineural hearing loss. Open 
and filled data points represent 65/50 and 65/65 
stimuli, respectively. Area under ROC curve is 
indicated in each panel. These ROC curves were 
generated by replotting data shown in Fig 2. 
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decrease of the specificity. The value of the criterion 
DPOE level at the intersection of the sensitivity and 
specificity curves in Fig 3 was used in Fig 2 as the 
vertical line. These criterion DPOE levels are in- 
cluded in the Table. In the second and fourth rows of 
Fig 3, the predictive efficiency is shown initially to 
increase with increasing criterion DPOE level, gen- 
erally reaching a peak and then declining. The predic- 
tive efficiency values in the Table were chosen at the 
criterion DPOE level close to the intersection of the 
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sensitivity and specificity curves. The maximum of 
the predictive efficiency at the two lowest frequen- 
cies did not coincide with the intersection of the 
sensitivity and specificity curves, because hearing- 
impaired ears were fewer than normal ears in those 
cases. The unusual shape of the curves at the lowest 
frequencies has been discussed by Kim et al.!6 


Receiver operating characteristic is a graphical 
display of the sensitivity, or hit rate, of a test on the 


f, or (f, x £95 (KHz) 


Fig 5. 2f1 - £2 DPOE level evoked by 65/50 (panel a) or 65/65 (panel b) stimulus versus frequency for 25 ears with 
normal hearing in subjects 18 to 35 years of age. Figure shows mean DPOE level + 1 SD. Lower curves represent 
mean background noise level in tested ears + 1 SD. Panel c is comparison of two mean values. 
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VARIOUS MEASURES EMPLOYED TO ASSESS PERFORMANCE OF DPOE TEST OF SENSORINEURAL HEARING 
LOSS AT FOUR FREQUENCIES FOR TWO SETS OF PRIMARY TONES 





65/50 dB SPL Stimulus (Hz) 65/65 dB SPL Stimulus (Hz) 
6,000 4,000 2,000 1,000 6,000 4,000 2,000 1,000 
Correlation coefficient dI .87 .78 49 .80 19 .66 .43 
DPOE criterion (dB SPL)* -9 -4 -8 0 -9 -4 -3 2 
Total ears 77 75 77 T7 76 72 77 77 
True positive (ears) 30 31 14 2 29 27 12 2 
False negative (ears) 6 3 l 3 6 6 3 3 
True negative (ears) 34 37 56 46 34 33 52 48 
False positive (ears) 7 4 6 23 7 6 10 21 
Sensitivity (96) 83 91 93 63 83 82 80 63 
Specificity (96) 83 90 90 67 83 85 84 70 
Predictive efficiency (96) 83 91 91 66 83 83 83 69 
ROC area .91 .97 .96 at 91 91 .90 wa 


DPOE — distortion product otoacoustic emission, SPL — sound pressure level, ROC — receiver operating characteristic. 
*DPOE criterion was chosen to yield nearly same values of sensitivity and specificity. 


ordinate versus (1 — specificity), or false alarm rate on 
the abscissa. A useful quantitative index of an ROC 
is the area under the ROC curve. It represents a 
probability that a randomly chosen pair of diseased 
and normal subjects will be correctly ranked by a test 
regarding the subjects’ disease.?^ From the data in 
Figs 2 and 3, we constructed the ROC curves shown 
in Fig 4. The greater the area under the curve, the 
better the test performance. The areas under the ROC 
curves were 0.90 or larger at the three highest fre- 
quencies for both of the two stimuli. The areas were 
smaller at 1,000 Hz (0.77). Comparing the two stimuli, 
the 65/50 stimulus yielded larger ROC areas (.96 
and .97) at 4,000 and 6,000 Hz than the 65/65 stim- 
ulus (.90 and .91). A Wilcoxon test was employed to 
evaluate whether the differences between the ROC 
areas obtained with the two stimuli at these two 
frequencies were statistically significant. The results 
revealed that the differences were significant, with 
p< .001. 


Results in Normal-Hearing Ears. Data from 25 
ears with normal hearing in subjects 18 to 35 years old 
were used to provide descriptions of normative DPOE 
baseline for the 65/50 and 65/65 stimuli. Mean DPOE 
and background noise level with x1 SD are shown as 
a function of frequency in Fig 5. The mean DPOE 
level ranged from 8 dB near 900 Hz to -5 dB near 
8,000 Hz for the 65/50 stimulus, and from 8 dB near 
1,000 Hz to -10 dB near 8,000 Hz for the 65/65 
stimulus. With respect to the noise floor, it was lower 
in higher frequencies, becoming progressively higher 
for lower frequencies. The signal-to-noise ratio was 
mostly high in the middle to high frequencies (20 to 
35 dB), while it was low at frequencies below about 
1,000 Hz. 


DISCUSSION 
The main finding of the present study is that a 


DPOE test of human sensorineural hearing loss with 
L1 = 65 and L2 = 50 dB SPL yielded a better perfor- 
mance than that with L1 = L2 = 65 dB SPL at 2,000 
and 4,000 Hz. This was the case in terms of all 
measures of test performance evaluated: area under 
the ROC curve (.96 to .97 versus .90 to .91), sensitiv- 
ity/specificity (90% to 93% versus 80% to 85%), and 
correlation coefficient (.78 to .87 versus .66 to .79) 
(see Table and Figs 3 and 4). The two stimuli yielded 
similar test performances at 1,000 and 6,000 Hz. 
Thus, the 65/50 stimulus provided a better overall 
performance than the 65/65 stimulus. To our knowl- 
edge, the present study is the first to compare directly 
the performances of DPOE tests of human sensori- 
neural hearing loss with stimuli having L1 » L2 and 
L1 = L2. From the present study, we recommend the 
use of stimuli with L1» L2 by about 15 dB ina DPOE 
test of human sensorineural hearing loss. The present 
finding is consistent with the prediction from the 
animal studies of Mills et al.!2 Whitehead et al? re- 
cently reported a finding similar to that of Mills et al. 
The present finding is also consistent with a recent 
human study that there was a greater reduction of 
DPOE level in ears with sensorineural hearing loss 
when L1 > L2.!? 


Decision theory offers a useful approach to evalu- 
ating the performance ofa new test against a standard 
test. Among several measures oftest performance, ie, 
sensitivity, specificity, predictive efficiency, and area 
under the ROC curve, the last measure, in particular, 
offers the advantage of characterizing the overall 
performance of a test independent of the setting of a 
test criterion. The present study confirmed findings 
ofearlier, closely related studies. For example, Gorga 
et al,!5 using L1 = 65 and L2 = 50 dB SPL, and Kim 
et al,!6 using L1 = L2 = 65 dB SPL, observed that 
DPOE tests provided relatively high measures of test 
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performance. The present results of sensitivity and 
specificity for frequencies 2,000 to 6,000 Hz and 
combining the 65/50 and 65/65 results, 82% to 93%, 
were comparable to those of Gorga et al (82% to 92%) 
and of Kimetal (82% to 89%). In terms of ROC areas, 
the three sets of.results are .90 to .97 (present), .86 
to .95 (Gorga et al), and .91 to .94 (Kim et al). Since 
the Gorga et al and Kim et al studies each used a dif- 
ferent one of the two stimuli being considered here, 
the two sets of results may conceivably help compare 
the test performances using the two different stimuli. 
However, the fact that the two sets of results were 
obtained in two separate studies would make a de- 
tailed comparison difficult. Thus, we suggest that the 
present results obtained from a common group of 
subjects is more useful in evaluating the question. 


Correlation coefficients, r's, between pure tone 
hearing threshold and DPOE level found in this study 
were comparable to those observed previously. The 
present values of r, .77 to .87 for the 65/50 stimulus 
and .66 to .80 for the 65/65 at 2,000 to 6,000 Hz, are 
comparable to those in the literature: .67 to .89 at 
4,000 to 8,000 Hz,26 .85 and .71 at 4,000 and 8,000 
Hz, and .76 to .83 at 2,000 to 6,000 Hz.16 In all of 
these studies, lower r's of .43 to .55 were observed at 
1,000 Hz. Other investigations?97/ found that the 
DPOE detection threshold (as opposed to the DPOE 
level) also showed comparably strong correlations 
with pure tone hearing threshold. 


All adult ears with normal hearing in our sample 





showed detectable DPOEs for the entire measured 
frequency range. This result is consistent with previ- 
ous studies.9/^1928 The general appearance of the 
mean DPOE level-versus-frequency function in the 
present study, depicted in Fig 5, is comparable to 
those reported previously.618:29.30 One difference we 
noted is that for the stimulus pair of 65/50, the results 
of Gorga et al? in 80 normal ears showed a higher 
noise floor, especially at 1,000 Hz and below (eg, 14 
dB at 537 Hz), than the present report (eg, —3 dB at 
584 Hz). The reason for this difference is not clear. 


This study agreed with others that DPOE test 
performance was worse at frequencies of 1,000 Hz or 
lower. This is attributed to a nearly monotonically 
increasing noise level with decreasing frequency and 
a resulting degradation in the DPOE signal-to-noise 
ratio in these low frequencies (Fig 5). In addition, a 
small number of hearing-impaired ears at low fre- 
quencies in the present sample made the present 
results less reliable at 1,000 Hz regarding test perfor- 
mance, At 8,000 Hz, we encountered a greater vari- 
ability than at 6,000 or 4,000 Hz. Errors arising from 
standing-wave nodes in estimating the levels of the 
primary tones and DPOEs expected at this high- 
frequency region??? may underlie a greater variabil- 
ity. Therefore, future efforts may be directed to both 
the Iow end of the frequency spectrum, seeking an 
improvement in DPOE signal-to-noise ratio, and the 
highend of the spectrum, seeking an improved method 
of specifying the levels of the stimulus and DPOEs.?? 
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IMAGING CASE STUDY OF THE MONTH 
SIGMOID SINUS THROMBOSIS AND IMAGING TECHNIQUES 
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ROME, ITALY 


INTRODUCTION 


Septic thrombosis of the sigmoid sinus has a small 
incidence among intracranial complications of otitis 
media. It is the complication most frequently repre- 
sented after meningitis, epidural abscess, and brain 
abscess. 


The use of antibiotics has not only dramatically 
reduced its frequency, but has influenced in many 
cases the clinical presentation, increasing the diffi- 
culty of its diagnosis. Because of the potential lethal 
evolution of this disorder, it is mandatory that an 
early diagnosis be made in order to establish adequate 
treatment for resolution. With this in view, imaging 
techniques, with particular emphasis on the use of 
magnetic resonance imaging (MRI), can provide 
valuable information on the nature of this lesion and 
its extent. 
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Fig 1. Contrast-enhanced computed tomography. A) Axial view shows extent of erosion of mastoid. B) Coronal view shows 


In this report we present a case of sigmoid sinus 
thrombosis, analyzing the contemporary diagnosis 
and management of this uncommon pathologic con- 
dition. 


CASE REPORT 


A71-year-old man with a 22-year history of chronic 
otitis media in his right ear was admitted to our 
department complaining of an intermittent purulent 
right otorrhea of 3 days' duration. 


The patient was febrile to 37.8°C. No neurologic 
deficit was detected. He had severe diabetes mellitus 
with a blood sugar level to 320 mg/dL. Otoscopy 
showed purulent otorrhea emanating from a right 
tympanic membrane perforation. A contrast-enhanced 
computed tomography (CT) scan revealed a massive 
opacification of the right mastoid with extensive 
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wide erosion of mastoid, with inflammatory tissue occupying entire mastoid and jugular foramen, and dural inflammatory 


reaction. 
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Fig 2. Magnetic resonance imaging. A) T1-weighted coronal view shows thrombosis of lateral sinus, distal segment of transverse 
sinus, and proximal portion of jugular vein. B) T2-weighted coronal view shows inflammatory tissue with extensive liquefaction 
necrosis involving entire mastoid. 


bone erosion. There were no direct signs of sigmoid 
sinus thrombosis (Fig 1). Magnetic resonance imag- 
ing was performed that demonstrated a low-intensity 
signal from the sigmoid sinus, consistent with throm- 
bosis. This was associated with concomitant throm- 
bosis of the distal segment of the transverse sinus and 
the proximal tract of the jugular vein (Fig 2). The 
lesion caused slight compression of the ipsilateral 
cerebellar hemisphere. 


The patient underwent a complete right mastoid- 
ectomy. At operation the mastoid was thoroughly 
filled by granulation tissue and purulent debris. We 
also found a marked erosion of the bony plate over- 
lying the sigmoid sinus and posterior fossa dura. The 
sinus wall, covered with granulation tissue, was in- 
cised and the intraluminal thrombus was evacuated. 
The patient had an excellent postoperative recovery 
and after a 7-day hospitalization was discharged 
home. At l-year follow-up he was symptom-free 
with no neurologic deficits. 


DISCUSSION 


Although the introduction of antibiotics in the 
treatment of septic thrombophlebitis of the dural 
venous sinuses has reduced the incidence of sigmoid 
sinus thrombosis and has changed its clinical evolu- 
tion, this disorder is still a potentially fatal complica- 
tion of ear infection. 


In a review of the literature, its mortality is indi- 
cated in approximately 10% of cases. It should also 
be remembered that in 10% of the patients the recov- 
ery is complicated by residual neurologic deficits.l- 


The widespread use of antibiotics has altered the 


clinical presentation of sigmoid sinus thrombosis, 
with an increase in nonspecific symptoms (headache, 
low-grade fever, general malaise, increased otorrhea 
in chronic otitis media).’-? This subtle clinical course 
requires more attention on the part of the otolaryn- 
gologist, in order to expedite diagnosis and treatment 
and hence avoid lethal evolution or crippling sequelae. 
Our case is a paradigmatic example of this potential- 
ly misleading condition with its minimal and vague 
symptoms and signs. 


Advances in imaging techniques have facilitated 
the early diagnosis of sigmoid sinus thrombosis. On 
CT scanning, an empty triangle appearance at the 
level of the sinus surrounded by contrast-enhanced 
dura, the so-called “delta sign," is described as a 
typical sign of the thrombosis.!0!! However, this 
sign is not always detectable, and not all thromboses 
are documented by CT. 


McMurdo et al,!? Harris et al,!3 McArdle et al,!4 
and Kelly et al,!5 reviewing the English-language 
literature, noted that in no cases was thrombosis 
within the sigmoid sinus visualized by CT. Our case 
confirms such observations, showing no direct CT 
evidence of the sigmoid sinus thrombosis. 


Magnetic resonance imaging is more sensitive in 
detection of the disorder. All of the published cases 
were preoperatively identified by MRI.15/16 It is the 
imaging method of choice for its superior ability to 
evaluate blood flow, being able to demonstrate sinus 
obstruction and eventual reversal of flow.!! This 
aspect, combined with its higher resolution in detail- 
ing nerve tissue, allows an earlier and more precise 
diagnosis of this lesion, delineating its extent and 
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involvement of the surrounding structures. Gadolin- 
ium enhancement of MRI scanning depicts the spe- 
cific pattern of the thrombosis. It is detectable (see 
Case Report) as a soft tissue signal associated with a 
vascular and bright appearance of the dural sinus 
walls. 


The rationale of treatment demands surgical re- 
moval of the septic mastoid focus through opening of 
the sinus and intraluminal evacuation of the throm- 
bus. This aggressive management improves the prog- 
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nosis of a septic sigmoid sinus, with better chances of 
a quick and uncomplicated recovery.!! 


Inconclusion, the present case illustrates that clini- 
cal suspicion of this complication of chronic otitis 
media, in combination with appropriate imaging tech- 
niques and prompt surgical intervention, allows fa- 
vorable resolution of this potentially lethal disorder, 
even when the general medical status is not ideal, as 
in our patient, who had the concomitant presence of 
severe diabetes. 
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CASE REPORT 


A 3-year-old male, 27-week ex-premature infant 
had a history of bronchopulmonary dysplasia, sei- 
zure disorder, and developmental delay. He required 
tracheostomy and was on ventilatory support for 
approximately 10 months. After decannulation, he 
continued to have a persistent tracheocutaneous fis- 
tula necessitating surgical closure. His repair con- 
sisted of excision of the skin and underlying scar 
tissue down to the anterior tracheal wall. The trachea 
was not entered but was oversewn. The remaining 
overlying tissue was closedover the trachea. A Penrose 
drain was placed, and the skin was reapproximated. 
The drain was removed after 24 hours, and the child 
was discharged. 


Two weeks later, the patient presented with a 1- 
week history of an increasing midline neck mass 
directly over the incision. The patient's mother noted 
that when the child coughed or cried, the mass ap- 
peared to enlarge. Over the preceding 2 days, the 
parents had noted erythema and increasing tenseness 


vei: 





Fig 1. Patient in supine position revealing protruding 
midline neck mass. 


of the overlying skin. The parents denied any respi- 
ratory distress. The patient had not been febrile. 
There was no drainage from the neck. 


On physical examination, the patient was afebrile 
with a normal respiratory rate for age. Examination of 
his neck revealed a 2.0 x 1.5-cm partially compress- 
ible mass in the midline of the old tracheostomy 
incision. The overlying skin was erythematous and 
tense (Fig 1). There was no evidence of f luctuance or 
drainage. There was no evidence of crepitus in the 
surrounding tissues. The rest of the findings on head 
andneckexamination were unremarkable. Computed 
tomography (CT) with intravenous contrast was per- 
formed to rule out the possibility of an abscess. The 
CT revealed a pocket of air in the subcutaneous tissue 
overlying the anterior tracheal wall (Fig 2). 


The patient was admitted and given intravenous 
antibiotics. He underwent excision of the lesion and 
placement of a drain in the operating room the next 
day. His drain was removed after 24 hours, and he 





Fig 2. Coronal computed tomogram showing evidence of 
collection of air, several centimeters in diameter, anterior 
to tracheal lumen. 
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was discharged. Two weeks later, the aerocele re- 
curred, Subsequent reexploration included reiden- 
tification of the fistulous scar tract, placement of a 
purse-string suture, oversewing of the anterior tra- 
cheal defect, and a double layer closure of the strap 
muscles. The patient did well, without evidence of 
recurrent aerocele or tracheocutaneous fistula. 


DISCUSSION 


Tracheocutaneous fistula is a complication of pro- 
longed tracheostomy and has been shown to be di- 
rectly related to length of cannulation.! Significant 
complications may occur secondary to tracheocuta- 
neous fistula closure.2? Subcutaneous emphysema, 
pneumothorax, pneumomediastinum, pneumoperi- 
cardium, and airway compression are all emergen- 
cies.^? Less severe complications may also occur. 
Aerocele is one such unusual complication. This case 
is the first reported of CT-documented aerocele after 
tracheocutaneous fistula repair in the otolaryngology 
literature. Other reports of aerocele have been de- 
scribed after anterior cricoid split and laryngotracheo- 
plasty procedures.®? 
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The mechanisms of aerocele formation are similar 
in all instances. A small defect in the anterior tracheal 
wall acts as a ball valve, allowing air to escape into the 
overlying soft tissues. This accumulation of air usu- 
ally progresses anteriorly, creating tense overlying 
skin. If increased pressure persists, this may extend 
into the incision site, re-creating a tracheocutaneous 
fistula. 


Treatment is relatively straightforward, involving 
excision, closure of the defect, and placement of a 
drain. Normal saline and positive pressure ventila- 
tion can be used to localize the leak, but this is not 
always successful. Generally, the drain can be re- 
moved within 24 to 48 hours, after a seal has formed 
over the anterior tracheal wall. The role of repeated 
aspiration with or without a compression dressing 
has not been evaluated in this unusual condition. 


Aerocele is an important, however rare, treatable 
complication of tracheocutaneous fistula repair that 
is recognizable both clinically and by radiologic 
evaluation such as by CT scan. 
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Failures of descent of the medial anlage of the thyroid and incomplete obliteration of its vertical tract lead to midline or near-midline 
ectopias such as lingual thyroid and thyroglossal cysts. Each poses special diagnostic and therapeutic considerations. “Ectopias” of the 
thyroid gland lateral to the carotid artery and jugular vein, however, cannot be readily explained by current embryological information. 
In these instances, and especially for intranodal thyroid tissue, a metastasis from an occult thyroid primary is the mandatory first 


consideration. 


INTRODUCTION 


Ectopias of the thyroid gland in the head and neck 
have been the subjects of an aggregation of medical 
literature. In the following, after an admittedly brief 
embryological introduction,!“ we present a synopsis 
of 1) lingual thyroid, 2) thyroglossal cysts, and 3) 
lateral aberrant thyroid tissue (see Figure). 


The thyroid gland develops as the first pharyngeal 
derivative as an endodermal diverticulum in the mid- 
line of the ventral pharynx between the first and 
second pharyngeal pouches. Lobulation of the diver- 
ticulum occurs and it is connected to the floor of the 
pharynx by the thyroglossal duct, where the pharyn- 
geal contribution to the tongue is sited. The anlage 
follows the descent of the heart and great vessels and 
grows caudally into the loose prepharyngea: connec- 
tive tissue and passes anterior to the developing hyoid 
bone. By the 7th embryonic week, a now-concentric 
thyroid comes to lie anterior to the developing tra- 
chea. By then, the thyroglossal duct has begun to 
atrophy, with the original pharyngeal connection of 
the duct identified at the apex ofthe sulcus terminalis 
on the dorsum of the tongue — the foramen cecum. 


The median anlage yields most of the thyroid 
parenchyma. Two lateral anlagen, products of the 
fourth pharyngeal pouches, contribute the parafol- 
licular C-cells and perhaps 1% to 30% of the thyroid 
weight. 


LINGUAL THYROID 


Lingual thyroid is a developmental anomaly char- 
acterized by an aggregate of thyroid tissue in the mid- 
line of the base of the tongue, between the circum- 
vallate papillae and the epiglottis. Its size varies from 
a few millimeters to several centimeters, and symp- 


toms and signs are nearly always related to the size. 
Symptomatic lingual thyroid tissue is, however, quite 
unusual, with approximately 400 reported patients.° 
This is to be compared with 1) an estimated preva- 
lence of grossly visible lesions of 1:10,000* and 2) a 
postmortem study yield of 10% (equally distributed 
between males and females).$ Sublingual or partially 
descended thyroid tissue is far less common. 


A 1972 study by Baughman^remains the unrivaled 
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Schematic illustration of location of midline ectopias of 
thyroid gland. 
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document on the clinical and histopathologic aspects 
of the lingual thyroid and lingual thyroglossal duct 
remnants. From his report and others that have fol- 
lowed, aclinicopathologic synopsis can be presented. 


The majority of lingual thyroid tissues are asymp- 
tomatic and are usually found on routine oral exami- 
nation. As indicated earlier, 1 in 10 subjects may have 
microscopic lingual remnants of thyroid tissue. Symp- 
tomatic lesions may appear at any time from birth to 
old age. For those present at birth, it is likely that all 
or nearly all of the thyroid tissue has remained in the 
tongue.’ The tongue is the most usual site for a total 
ectopy of thyroid. The majority of symptomatic lin- 
gual thyroids arise during puberty, pregnancy, or 
menses and hence are more common in women in a 
ratio of 7:1 over men.^? The mean age when clinical 
manifestations occur is 40 years (with two statistical 
peaks at 12 and 50 years of age).97 Signs and symp- 
toms are largely related to the size of the lingual 
thyroid and consist of dysphagia, dysphonia, dyspnea, 
and occasionally hemorrhage. Large masses can be 
life-threatening because of obstruction. Ten percent 
of young patients manifest juvenile myxedema or 
cretinism.? Approximately 70% of patients will have 
various degrees of hypothyroidism, and between two 
thirds and three quarters of patients with symptom- 
atic lingual thyroids have no other functional thyroid 
tissues.*8 It has been claimed that there is a high 
incidence of thyroid disease in family members of 
patients with lingual thyroid.? 


The lingual thyroid may be circumscribed, but in 
nearly all instances, thyroid tissue is found inter- 
digitating with skeletal muscle and the minor salivary 
gland tissues in the tongue's base. In a minority ofthe 
reported examples, the thyroid tissue extends through 
the entire thickness of the base of the tongue, with or 
without thyroglossal tract remnants.4 Heir to any 
disease or pathologic change seen in the normally 
placed thyroid gland, the lingual thyroid usually 
shows embryonic thyroid tissue, mature thyroid tis- 
sue, or a combination of these. 


Investigation of a symptomatic lingual thyroid 
begins with a thorough examination of the orophar- 
ynx and neck for clinical evidence of anormal thyroid 
position. Radionuclide technetium 99m and iodine 
131 or 123 thyroid scans are nearly mandatory.’ 
Computed tomography can be helpful in delineating 
the extent of the lesion.’ 


Carcinoma in Lingual Thyroid. Twenty-three cases 
of thyroid carcinomas arising in a lingual thyroid had 
been reported by 1992; none were papillary in type.!° 
The majority were follicular carcinomas. At the time 
of reporting, 4 patients had distant metastasis and 5 
had suffered recurrences.!9 Most of the carcinomas 


occur in the third decade of life. The gender ratio is 
nearly equal. It should be noted that the rate of ma- 
lignant transformation in ectopic thyroid tissue is no 
greater than in the normally placed thyroid gland. 


THYROGLOSSAL DUCT REMNANTS 


The thyroglossal tract usually undergoes atrophy 
and disappears between the 5th and 10th embryonic 
weeks.211 The caudal attachment of the tract may 
persist as a pyramidal lobe of the thyroid gland. 
Thyroglossal cysts arise as cystic expansion of rem- 
nants of the tract. They may, on occasion, be multiple. 
The finding of a thyroglossal cyst implies a thyroid 
gland in a more distal location, since the gland is in 
the van of the descent of the anlage. 


There is an equal sex distribution in subjects with 
thyroglossal cysts. Allard,” after reviewing a series of 
1,316 cases from the literature, indicated that 31.5% 
of patients were under the age of 10, 20.4% were in 
their second decade, 13.5% were in their third de- 
cade, and 34.6% were older than 30 years. Over half 
the patients were in their first or second decade. 


The vertical location of a thyroglossal cyst can be 
placed as follows: 2.1% are intralingual, 24.1% are 
suprahyoid (including submental), 60.9% are be- 
tween the hyoid bone and the thyroid cartilage (thy- 
rohyoid), and 12.9% are substernal.? Between 60% 
and 8096 present below the hyoid bone.? Cysts below 
the level of the hyoid bone are almost always embed- 
ded in strap muscles.? Only a thyroglossal cyst is 
situated between the strap muscles and the lateral 
aspect of the thyroid cartilage.!?In contrast, a branchial 
cyst lies just anterior to the sternocleidomastoid muscle 
and lateral to the carotid artery. 


The primary presenting clinical feature is an asymp- 
tomatic, slowly enlarging midline cystic mass. Ec- 
centric or lateral presentation is most often due to 
infection or prior manipulation of the cyst.}3 An 
unadulterated thyroglossal remnant is rarely associ- 
ated with a sinus or fistula. Most sinuses are second- 
ary to incomplete surgical removal or infection.?.? 


The histopathology of a thyroglossal cyst centers 
on the lining of the cyst and also its wall. Various 
types of linings can be found, ranging from a denuded 
surface to a pseudostratified ciliated columnar, cuboi- 
dal, or flattened or squamous epithelium. 


Thyroglossal cysts above the hyoid are more often 
lined by squamous epithelium, and those below the 
hyoid, more often by a columnar epithelium. The 
epithelial contents of the wall are principally salivary 
(mucous or seromucous) or thyroid tissue. Frequen- 
cies of 1.5% to 65% have been reported for the 
former.!4 The degree of diligence in searching may 
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NECROPSY DATA, ACCORDING TO GEOGRAPHIC 
LOCATION, ON OCCULT PAPILLARY CARCINOMA 


OF THYROID GLANDS 
Country % Occult Carcinomas 
Finland 35.6 
Japan 28.4 
Spain 22.0 
United States (Michigan) 13.0 
Poland 9.0 
Canada 6.0 
Colombia 5.6 


Modified from Martinez-Tello et al.” Percentages are based on at least 
100 necropsies (range, 100 to 607). 


account for this wide variation. We have been im- 
pressed with the frequency of salivary tissue found in 
the walls of thyroglossal duct cysts. The closer the 
cyst to the lingual area, the greater the percent. It is 
our impression that salivary tissue is as frequent as 
thyroid tissue. The flattened epithelium will often be 
colored in immunocytochemical studies with anti- 
bodies against thyroglobulin, and this lining, rather 
than the mural thyroid tissue, may be the source of 
neoplasms found in thyroglossal cysts. 


Thyroglossal Carcinoma. Thyroglossal carcinoma 
occurs in less than 1% of thyroglossal cysts. Approxi- 
mately 150 cases have been described in the literature 
since 1911.15 There does not seem to be a gender pre- 
dilection, and the average age of patients lies in the 
fourth decade, but there is a wide range (1 to 82 
years). The majority of thyroglossal carcinomas are 
located in the thyrohyoid region. Papillary carcinoma 
is, by far, the leader of histologic subtypes and ap- 
proaches 95% of all reported cases (includes “mixed” 
forms).16 Follicular carcinoma is rare," and anaplas- 
tic, I5 rarer still. In contrast to its low frequency in the 
thyroid gland proper, squamous cell carcinoma is the 
second most commonly reported subtype.!? There 
have not been any medullary carcinomas reported as 
arising from thyroglossal tract remnants. This is ex- 
pected, because of the ultimobranchial origin of the 
C-cells. 


The papillary carcinomas may be confined to a 
cystic enclosure or invade strap muscles, an event 
we feel is more frequent than the reported 490.16 In a 
noteworthy difference from thyroid gland papillary 
carcinomas, the incidence of metastasis to cervical 
lymph nodes from a thyroglossal carcinoma is low 
and has been estimated at 8%.1617,19 


LATERAL THYROID ECTOPIA 


Controversy over lateral aberrant (ectopic) thyroid 
tissue has been with us for over two centuries and has 
been flogged in the literature almost as often as the 
branchiogenic carcinoma story. Lateral must be de- 


fined as lateral to the carotid sheath and jugular 
vein." With that restriction, any thyroid tissue within 
alymph node, regardless of its "normal" appearance, 
is metastatic from a thyroid gland primary and is not 
adevelopmental anomaly.” Apparently aberrant thy- 
roid tissue, unassociated with lymph nodes, can be 
seen in sequestered nodules, through implantation by 
prior surgery or trauma, or as a result of an intimate 
association of the median anlage during develop- 
ment with mesodermal structures in the neck, eg, 
muscle, fibroadipose tissue, carotid sheath.2021 Such 
nodules should not have papillae or psammoma bod- 
ies, appear histologically normal, or, in the case of 
sequestration, appear adenomatous or as bearing a 
thyroiditis. 


The ultimobranchial (or lateral) contribution to the 
thyroid gland is known to derive from the fourth and 
fifth branchial pouches and to descend with parathy- 
roid IV. In the normal human fetus (but not in lower 
vertebrates) the ultimobranchial component fuses 
with the thyroid gland. Abnormalities in the descent 
or failure of fusion of the ultimobranchial body have 
been posited as explanations for lateral aberrant thy- 
roids, especially since Williams et al?? showed the 
ultimobranchial body could contribute follicular cells 
as well as C-cellsto the human thyroid gland. Clinical 
experience, however, has nearly completely negated 
this thesis.23 Patients with undescended thyroid rests 
such as lingual thyroids do not show radioiodine up- 
take in the lateral paratracheal areas, and we are un- 
aware of an extrathyroidal primary medullary carci- 
noma of the thyroid in the lateral neck. 


A special diagnostic problem occurs as a result of 
histologic differentiation of papillary thyroid carci- 
noma in a metastatic site and also by cystic dilation of 
a metastasis. With the latter, only the rare papillary 
focus betrays the carcinoma in an otherwise flattened 
thyroid epithelial lining. In both instances, there may 
not be identifiable lymph nodal tissue. 


Microscopically normal thyroid follicles can be 
found in lymph nodes not lateral to the carotid sheath, 
and here the assumption of a metastasis may be 
contested even though there are no good embryologi- 
cal or anatomic reasons for such inclusions. Meyer 
and Steinberg” offer histopathologic clues that they 
feel characterize benign inclusions: 1) a microscopic 
size, adjacent to or in the lymph node capsule, 2) 
uncrowded, nonpapillary follicles, 3) no enlargement 
of nucleoli in uncrowded, nonenlarged nuclei, 4) no 
associated stromal proliferation, and 5) no psammoma 
bodies. 


The frequency of clinically latent or occult thyroid 
carcinomas found 1) coincidentally after surgery for 
a goiter, 2) as part of a surgical procedure for non- 
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thyroid carcinoma of the head and neck, or 3) in 
necropsy studies (see Table25) is higher than the an- 
nual incidence of clinically apparent thyroid carcino- 
mas.2? Most are papillary in type, and as Chen” has 
noted, any papillary carcinoma of the thyroid gland, 
no matter how small (even less than 1 mm), has a 
significant metastatic potential. There does not ap- 
pear to be a tendency of these small carcinomas to 
increase in size toward a clinically apparent tumor 
with age. These observations also speak more to the 
likelihood of a metastasis rather than an ectopia in the 
lateral neck. So does the presence of psammoma 
bodies. 


The diagnostic significance of psammoma bodies 
for papillary carcinoma of the thyroid gland is well 
known.?/28 Even bodies found in lymphatics of the 
thyroid adjacent to tumors or in the opposite lobe, as 
well as in some regional lymph nodes, represent 
calcified metastatic tumor emboli. Johannessen and 
Sobrinho-Simoes2? indicate that the presence of psam- 
moma bodies in serous tumors of the ovary or papil- 
lary thyroid carcinomas indicates a good prognosis. 


TREATMENT 


Treatment of a symptomatic lingual thyroid de- 
pends on its size, the severity of symptoms, the 
presence of thyroid tissue besides that in the tongue, 
and complications such as ulceration, hemorrhage, or 
malignancy. Most patients respond to thyroxine sup- 
pression alone. For those who do not, surgical re- 
moval or iodine ablation with or without autotrans- 
plantation should be considered.’ 


A history and physical examination pointed to- 


ward finding a mild hypothyroidism, routine thyroid 
function tests (pertinently, thyroid stimulating hor- 
mone), and a judicious use of a preoperative thyroid 
scan are the recommended evaluations for pediatric 
patients with a presumptive thyroglossal cyst.29 


The Sistrunk procedure is the obligatory start 


for thyroglossal cysts and thyroglossal carcino- 
mas, !1:13,17,29,30 


Early surgical removal to avoid subsequent infec- 
tion is advocated for thyroglossal cysts. The Sistrunk 
operation, in which the cyst, tract, central part of the 
hyoid bone, and a core of soft tissue from the tongue 
base are included, is the requisite procedure. Morbid- 
ity is minimal, postoperative complications are gen- 
erally minor, and recurrences are minimized (less 
than 5%).2? 


Individualization of treatment beyond a Sistrunk 
procedure for thyroglossal carcinoma depends on the 
histologic type of the carcinoma and extent of inva- 
sion. Palpable abnormalities in the thyroid gland and 
clinical evidence of involved lymph nodes should 
lead to a consideration of total thyroidectomy and 
appropriate neck dissection with subsequent iodine 
131 ablation?! Coincident carcinoma of the thyroid 
gland proper has ranged from 0% to 2596.17 The like- 
lihood of the midline thyroglossal carcinoma's being 
ametastasis is, however, low. After appropriate treat- 
ment, recurrences of a thyroglossal papillary carci- 
noma are uncommon and metastases are far less fre- 
quent than noted with papillary carcinoma of the 
thyroid gland. Death due to a papillary thyroglossal 
carcinoma is practically unknown. 
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SOFTWARE REVIEW 
THE LARYNX AND CAROTID TRIANGLE — INTERACTIVE ANATOMY. 
VOLUME I-III 


Company: Elsevier Science BV, PO Box 945, Madison Square Station, New York, NY 10159-0945. 
Price $415. 


Hardware requirements: The CD-i version requires upgrading with a digital video extension unit 
(DV cartridge). The CD-ROM version requires an IBM compatible 386/33 MHz or higher processor, 
4 Mb of RAM, Microsoft Windows 3.1 or higher, 3.5 Mb of hard drive space, a VGA monitor, and at 
least a double speed CD-ROM. 


Setup: The CD-ROM version was tested on a Pentium 90 MHz system with a 4X speed CD-ROM and 
8 Mb of RAM. After the initial setup, which took less than 10 minutes, the program was accessed within 
seconds by clicking on an icon in the Windows Program Manager. 


“The Larynx and Carotid Triangle" represents the A different level section may be accessed in ways 
third disk in Elsevier's series of head and neck other than using the localization bar, such as stepping 
interactive anatomy disks, following “Paranasal Si- one section in either direction or through the slow or 
nuses and Anterior Skull Base" and "Temporal Bone fast video mode. The video mode is perhaps the most 
and Posterior Cranial Fossa." The disk contains 9,000 enlightening feature of the program. It can be used in 
images of normal neck anatomy. Images of cadaver any plane in the anatomy mode. With it, an image 
anatomy are available in the axial, sagittal, or coronal melts into the next as serial sections are displayed. 
planes. In addition, noncontrasted computed tomog- Key anatomic relationships may be visualized in a 
raphy (CT) and magnetic resonance imaging (MRI) dynamic fashion. 


images are available in the same planes that correlate 
with the cadaver image. Histologic images of the 
axial section only are also presented. The CD-ROM 
and CD-interactive or CD-i disc contain the same 
information. CD-i is an uncommon format in the 
United States, but the publisher has included both 
disks in the package. CD-i may provide better color usually last less than 3 seconds. The main criticism of 
and smoother transition in the video mode. The CD- the program is the inability to identify structures by 
ROM version is simple to operate. After entering the name in the CT and MRI modes, and the loss of 


program, one uses the mouse and on-screen buttons resolution when using the zoom function in the his- 
to choose the desired plane and modality (anatomy, tology and anatomy modes 


CT, MRI, histology). The level of the section is then 


No system errors occurred during use of the pro- 
gram, even with multiple programs opened simulta- 
neously. There is not a Macintosh version available. 
A few pauses in the program occur when one is 
changing section orientation while the CD-ROM 
accesses information; however, these are rare and 


selected with a localization bar in the upper right Although the complex anatomy of the neck can 
corner of the window. The bar is very useful for Only be learned through years of study and dissection, 
orientation purposes. In the anatomy mode a zoom The Larynx and Carotid Triangle — Interactive 
functionisavailable;however,imageclaritydeterio- Anatomy” is a powerful educational tool that can 
rates with increased magnification. Structures in the complement the learning process. This disk will 
anatomy mode may be identified in any plane by benefit all students of anatomy in understanding the 
clicking on them with the mouse. An index of iden- structural relationships encountered in the neck. 

tified structures in English or Nomina Anatomica is SCOTT A. DEMPEWOLF, MD 
available. Simply highlighting a name will result in 402 Bogle St, Suite 3 
an image with that structure identified with a pointer. Somerset, KY 42501-2899 
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LETTERS TO THE EDITOR 


To the Editor: 


In chatting with otolaryngology colleagues, I find they seem 
unaware of one disturbing side effect from big-time snoring — 
disturbing both to patients and their bed mates, but not mentioned 
except on direct questioning. From my long years in gastroenter- 
ology practice, I have found that such snoring is the majcr cause 
of large-volume gastrointestinal flatus noted during the night 
and/or on arising! Whatever the proximal snoring site, increased 
resistance during exhalation facilitates esophageal air filling. 
Fortunately, because such flatus is just unabsorbed nitrogen, it 
may be curiously odor-free! 


David E. Langdon, MD 
3120 Matlock Rd, Suite 201 
Arlington, TX 76015 


To the Editor: 


I am writing in regard to the article by Keithley et al (Ann Otol 
Rhinol Laryngol 1995;104:858-63). In the Discussion, the au- 
thors state, “Currently, there are no data available concerning 
possible changes in endolymphatic ion concentrations in humans 
with Meniere’s disease.” In my paper entitled “The Inner Ear 
Fluids in Man,"! I note that samples of endolymph collected from 
the vestibule just prior to labyrinthectomy for intractable Meniere’ s 
disease showed sodium (Na) and potassium (K) concen‘rations 
similar to those of normal cat endolymph. It was concluded that 
endolymph concentrations of Naand K were normal in Meniere’s 
disease, while the volume was increased. These findings are 
consistent with the finding of Keithley et al showing normal or 


increased staining for ATPase in Meniere’s disease. 


In guinea pigs, after blockage of the endolymphatic duct, the 
ATPase decreases in the stria vascularis. In our study “Endolym- 
phatic Sac Obstruction. Biochemical Studies,”? in which Na and 
K ions were analyzed after endolymphatic blockage, there was a 
consistent alteration in the ionic concentrations so that the Na was 
significantly increased while the K was decreased in the endo- 
lymph in both the vestibular and cochlear divisions. This is 
consistent with the findings of Keithley et al that ATPase de- 
creased in guinea pigs after experimental hydrops was produced. 


Our conclusions? were that the guinea pig model for Meniere’s 
disease may not represent the human disease. Keithley et al quote 
the work of Sziklai et al, who found no changes in Na and K 
concentrations after experimental hydrops. Our work is in dis- 
agreement with that of these authors. 


I am pleased that after 30 years additional evidence exists to 
corroborate the concept that the animal model may not represent 
clinical Meniere’s disease. 

Herbert Silverstein, MD 
Ear Research Foundation 
1901 Floyd St 

Sarasota, FL 34239 
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BOOK REVIEWS 


Glue Ear in Childhood. A Prospective Study of Otitis Media 
With Effusion 


A. Richard Maw. Hard cover, illustrated, indexed, 136 pages, 
1995. Cambridge University Press, $49.95. 


This book on glue ear (or by another name, otitis mecia with 
effusion) provides 15 years of research performed by Maw and 
his colleagues. In seven chapters he unravels the intricacies of 
growth of the nasopharynx and adenoids, presentation of the 
condition and diagnosis, treatment, and sequelae, and, most 
important, his conclusions. Although the sequelae of these con- 
ditions are the least known or understood aspects of them (espe- 
cially in their effect on developmental and educationzl mile- 
stones), the most exhaustive pursuit in this book is the assessment 
of adenoidectomy, adenotonsillectomy, and insertion of ventila- 
tion tubes. 


In regard to substance and format, the author deviates from 
similar volumes in that he does not dwell on bacteriology or 
immunology, though he refers to the subjects in an extensive and 
complete bibliography dating back to the late 1970s ard early 
1980s, when so much was written. He discusses various skeletal 
and soft tissue differences in the dimensions of the nasopharynx 
that reflect the emergence of a unique development. In summary, 
notwithstanding the mass of publications dealing with serous 
otitis media, there is no rehash of old material in this vclume. 


Sagacious tidbits of clinical value are present throughout the 
volume. Itis an excellent compilation of data that will be valuable 
to those in training and to those who wish to review current 
information on selected aspects of this condition. 


DENNIS G. PAPPAS, MD 
Birmingham, Alabama 
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Diseases of the Sinuses. A Comprehensive Textbook of Diag- 
nosis and Treatment 


M. Eric Gershwin and Gary A. Incaudo, editors. Hard cover, 
illustrated, indexed, 589 pages, 1996. Humana Press, Totowa, 
NJ, $150. 


Itis the goal of the authors of this text to bring to the practicing 
physician many of the newer concepts that can be applied in a 
beneficial way to patients. Indeed, the book covers a wealth of 
information and appears to have garnered all currently available 
information. 


The 30 chapters are organized into four divisions: Anatomy 
and Physiology, Imaging, Clinical Disease, and Surgical Man- 
agement. There are separate chapters for adult and pediatric 
sinusitis and surgery. Intricate complexities of the immune 
system are covered. 


One ofthe book's strongest features is its coverage of signs and 
symptoms characteristic of sinusitis, analysis of the bacteria that 
commonly cause the disease, and illustrations that depict the 
disease. There is a clear hierarchy of choices of treatment. The 
daily dosage tables (chapter 6) of antiallergic and supplementary 
drugs provided are especially useful to the practitioner. 


Various specialists will find sections of the book useful. The 
primary ones for physicians are the medically oriented chapters. 
Some of the photographs and tables are excellent means to 
convey information to nurses as well as patients. The otolaryn- 
gologist will like the coverage of surgical complications and 
those chapters dealing with the concepts of more unusual dis- 
eases such as cystic fibrosis and rhinocerebral mucormycosis. 


DENNIS G. PAPPAS, MD 
Birmingham, Alabama 
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Prof W. Pirsig (Ulm) 
Prof S. Hellmich (Dortmund) 
Prof E. B. Kern (Rochester) 
Prof G. Rettinger (Ulm) 
Dr A. F. van Olphen (Utrecht) 

Dr J. A. M. de Groot (Utrecht) 
The Staff of the Department of ORL of 
Utrecht University Hospital 
Language: English 
Contact: 

Prof Dr E. H. Huizing 
Dept of ORL University Hospital Utrecht 
PO Box 85500 
3508 GA Utrecht, The Netherlands 
Telephone: 32-30-2506645 
Fax: 32-30-2541922 


32ND ANNUAL POSTGRADUATE 
COURSE IN EAR SURGERY 


NIJMEGEN, THE NETHERLANDS 
MARCH 31 — APRIL 5, 1997 


Lectures, televised surgery from two operating the- 
aters with discussion on large screen television. Tem- 
poral bone exercises and demonstrations of temporal 
bone. 


Local Faculty: 
P. van den Broek C. Cremers J. Mulder 


International Faculty: 


B. Ars (B) 
J. B. Causse (F) 
K. Jahnke (D) 
E. Offeciers (B) 
J. Thomsen (DK) 


J. Grote (NL) 

A. Kerr (N Ire) 

R. Ramsden (UK) 
E. Wielinga (NL) 


Information & Registration (limited enrollment): 


Prof Dr P. van den Broek 
University Hospital Nijmegen 
Department of Otorhinolaryngology 
PO Box 9101 
6500 HB Nijmegen 
The Netherlands 
Tel. 24 3614934 
Fax. 24 3540251 


ANNALS OF OTOLOGY, RHINOLOGY & LARYNGOLOGY 


ANNOUNCEMENT RATES 
Quarter page 
Half page 
Full page 
Material must be received 30 days prior to the month of issue, eg, for the February issue the due date is 
January 1. 


CHANGE OF ADDRESS 


Address changes must be received 45 days prior to the effective date so that your subscription will be 
received without interruption. 


CLAIMS 


Claims for missing issues must be received within 60 days of the month of publication for the United States 
and Canada, and 180 days for other countries. 


Annals Publishing Company 
4507 Laclede Avenue 
St Louis, MO 63108 
(314) 367-4987 
FAX (314) 367-4988 
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